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I. INTRODUCTION TO THE MODEL

A. Brief Description of the Model

4?

In a sense, the RIVER BASIN MODEL is a misnomer
because if one places an emphasis on "River" it leads, one

to believe that the.rf)del is primarily concerned with
water management. T. emphasis should be placed on "River
Basin", and that term should be interpreted in its broadest
context as meaning a geographical area of land. Through
its two major components --: human interaction and ccmputer
simulation -- the model represents the economic, social
and governmeptal'activity that takes place within- the
geographical boundaries defined by the river basin or more
simply by a group of continguous Counties.

The model is unlike most other simulation or _human
interaction models.. It .was. not designed to, accomplish_ any-

one specific purpoSe. Rather it was deSigned-to:let its
users represent the major economic, -social, and govern =-

mental decision - makes tlho_causaa regional system to-
function and change on a year- to- year tesis, As-part of

the functioning of this regional system, water is demanded
ET industries and municipal water supplierS'end pollution
is generated by manufacturing and commercial activities, by
people, and by farm activi=ties .

The model is. a computer-assisted decision - making

tool, In which-a number of coMputet pregrams-simulate major
processes that take place in- the local system such as
migration, housing selection, .employment; transpOrtation,
shopping patterns,the allocation of leisure time, and water

quality determination. Users, of the model provide inputs
to these programs on behalf of business activities in the
economic sector, groups of people or population, units in
the social sector, and government departments in the

goverment sector.

Normally, the users of the model are assigned
decision-making responsibility for businesses, population
units, and government departments in a gaming forMat.
This means that users become members of teams that are

assigned control of:

1. Economic Assets: cash, land, manufacturing
plants, outside investments, commercial
activities, and/cr residences;

2. Social Assets: population units that are
designated as high income, middle income,
and/or low income.

1.
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3. Government Assets: 'power of the budget, taxing
and assessing authority, service responsibility,
and planning and regulatory power.

The computer print-outs for a year provide a\de-
tailed description of the regional area represented )317 the
model, and the users of the model evaluate this status as
individuals-, as team members, and collectively to define
problems, establish_objectives,.develop strategies, imple-
ment plans, .and react to feedback from the new computer
printout for the ne>. year.

The initial starting position shows a particular
set of allocations of the localS system's resources and
their effects on the status of,-the local area. The users
of the model evaluate their vim particular status within
the local system as well as the status of the area as a
whole. They then interact with one another in a dynamic
decision-making environment in which they coliectively.have
control over the local water quality decisions that-will be
made, implemented, and reacted to. Some of theamodel
ers may have apparently only marginal interests in the local
water quality issues because they are pre-,occupied with
running schools, building roads, earning incomes, produci
manufactured goods, building housing, and supplying local
goods and services. Others will have maybe' more interest
as they attempt to be elected into public Office, run tiiie
planning departmeqt, collect taxes, recreate, and develop a
generally pleasant environment for their new residential
subdivisions. Still others might have a direct and pressing
interest in the local water quantity and quality as they
.attempt to set and enforce water quality standards, supply
municipal water, use surface water in their production
process, and benefit from major water-based recreation areas.

In short, the entire local system is,represented Ipy
the model and its users, and water decisions.are placed
within their realistic context of having different importance
to different individuals as a function of their occupation,
location, resources, and personal inclinations.

B. The Three Sectors

The model contains three basic decision-maxing sectors:
economic, social and public. (Figure 1) Every city or region
contains these three vital sectors whose interactions cause
the area to function and to either grow and prosper or stagnate
and decay. Decisions made by one group ultimately affect others

2.
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and one group often works against another group to
achieve its goals. For example, proposed commercial
developments by an economic group in a predominantly
residential area can be blocked by residents of that
area just as proposed changesby the government depart-
ments can be 'opposed by those participants in the economic
or social sector.

1. The Economic Sector

Economic decision-makers are those bdsinessmen who
operate industrial, commercial, residential and farm es-
tablishments. Upon receiving output at the beginning of
the round economic decision-makers review - their economic
status and make decisions for the present round. The
various economic activities in the model have the following
characteristics:

Basic industry

Heavy Industry, Light Industry and National Services
spend money for business ;.00dS and business services, utilities,
a labor force, transportation, and taxes. In order to
produce basic industry output Which is then sold to the
national markets at prices determined by national business
conditions (the computer), owners of basic industries can
make a wide variety of decisions. These decisions include
purchasing land, changing salaries or maintenance levels,
boycotting business goods and business services establish-
ments, acquiring laons, building new businesses, upgrading
existing businesses, demolishing old ones, and treating
effluents that are dumped into the local water system.

The basic industry of the economy can be further sub-
.divided into the following categories:

III - Heavy Industry

FL - Furniture and lumber
SG - Stone, clay and glass
MP - Primary metals
MF - Fabricated metals
NL - Non-eletrical machinery
EL - Electrical machinery
TE - Transportation equipment

4.



LI - Light Industry

FO - Food
TL - Textile, apparel and leather
PA - Paper
CR - Chemicals, plastics, and rubber .

NS - National SerVices

Commercial Establishments

Business goods (BG: and business services (BS), per-
sonal goods (PG) and personal services (PS) spend Money
on many of the same items as basic industry in order to
maintain a level of service capacity,. This service capacity
is consumed or partially consumed by local customers which
include: the industrial sector, other commerc3a1 estab-
lishments and the population units (Pi's) who live in the
city. Owners of the commercial establishments may make
most of the decisions that owners of basic industries make
in addition to setting prices for their products,

Residences

Single-family (RA) , townhouse (RB), and high-rise (RC)
residence units spend money on personal goods and perdonal
services, utilitied, and taxep, and earn income based on.
rent charged and the number and type of occupants residing
in their housing units. Owners of residences may make the
same types of decisions made by oners of basic indrstry
in addition to setting the rent paid by their tenants.

Farms

Farm owners make very few decisions aside from how
their land will be utilized and what level of fertilizer
use they will'emplov.

4'
2. The Social Sector

Decision-makers in the social sector represent the
citizens who live and work in the simulated area. People,
are represented in terms of population units (Pl's). Each
population unit represents fixed numbers of people (500).
Population units are divided into three socio-economic
groups: high income (PH), middle-income (P1.1) and low-
income (PL). Because each class possesses its own ex-
pectations and behavioral patterns, each will have different
'references for residence, job, and schooling, etc. Social
decision-makers can vote on behalf of the Pl's which they
represent. Voting power is dependent upon the number of

5
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population units controlled,, the number of registered voters
ih each, and their socio-economic class,. Social decision
makers can also direct the population units under their con-
trol to boycott places of employment` or. shop focations.
Sbcial decision-Makers can also allocate leisure time of
their, opulation units to'be spent in any of four-basic
activities: extra work, adult education (public or .private),
politics, and recreation. The amount.of time spent on each
of these activities has an effect-onthe SoCie-economic
status and /or the dissatisfaction index of people living
within the city.

A significant part of, the model, cepters,akbkindhOig,
Plis'function within 'the local SySteM during the .course
of each round' of play which represents-One year of time
the localThr'ea. Tigure 2 shows .the actions of they:'
are affeetedby the major operating programs,

3. The Public Sector

in the model, the government sector- deals -With the
problems of education, highways, municipal serVioeSj,
planning, zoning, utilities, water,Supply and_qUalitY and
bus and rail transportation% The public sector is div. ded,
into two basic bompohents. The first compOhent
elected officials:- the Chairman` and the Counail. -These-
officials are elected by the social decision-Maker Opte-
sehting the people mho each jurisdiction. The
ChairMan and Coundil set taxrates, approve 'budgets, grant
subsidies and appropriations, and make appointments.
Appointed officialS named by the Chairman are heads of these.
six governmental departmentS: Assessment (A8), Schools (SC)',
Municipal Services (MS), Highway (HY), Plannihg and Zoning,.
(PZ), and Utilities (UT). The Bus and Rapid Rail'Companies
are semi-priVate organizations which also May be appointed
by the Chairmah. Players representing these departments,
make decisions Which include allocating capital and current
funds, changing salaries and maintenance levels, requesting
federal-state aid, changing district boundarieS,>con-
structing or demolishing public buildings, upgrading public
buildings, changing levels of service, and transferring
cash between accounts.

6
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. Figure 2

Example of How Population Units Are Affected by the
Major Operating Programs of the Model

Major Operating
Programs

Migration

Water System

Depreciation

Effect on Population Unit

.movd, to the local SYsteM.,_ find
and .ch..0-1(1. the local'
tysteki lea Ve the iodal: sVstem-

Poor ,water Odalitv ineaeseS': ciis-
satisfaction and hig=h cc iorr court

he-41.!tij costs aP;O: lost

ctieto Mfigs.
1 4 w - '

'1.itis,J=tg-tlYEA1 1,00
attrattie in tite illigratioh-prOcess:

Employment P1's are asSigned to full and part
time job ay'e pet-inteMe
:Cst41-4XY_

e41.00-i's searoh,:f4
workers.

Transportation P1 to Work by the ,itod ana
route_ -that'iminitItes total costs

1-'t:taVel to/

,shopping. alonathe'minlMuM -:65St-routes.

School Alladation StUdents of Pl's ,are -asigñéd. -to
public or .#,IVate, Soho:OIS-'batt,c1-ugOil
the -40a4t1i-of pudic Sdheoit.

Park, Allocation PL's are assigned te parks, Within a
specified,distanct Of' 'where they live.

Time Allocation Involuntary, expenditures ,of leisuLe-
time- are caloUlated as a function of
thd IJildcess of getting pa±t time
jobs, pubis adult educatieh and th
time spent on tranSportation;

Commercial Allocation Pl't are assigned to store S at which
the total cost 'S are Irdnimized (price
plus transportation to the store)

7.
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C. The Water Component

The water component is a'subsector that,, in'a sense,
cuts across the other three sectors or is a part of each.
For example, some of the industrial activities in-the econo-
mic sector use surface water in their production process
and ally other economic businesses have sdme-need for munici-
pally supplied water. Population units in the Social.seetor
use water as a function 'of their intone casS and' the type
of housing they inhabit. In the gOvernment sector, the
Utility DepartMent, is responsible for supplying-the municipal
water needS.of the residents' of its jUrisdietiOn:

P;ach of the Surfacewater'USers requires a speeified.
quality of water and Must either treat the mater .t.'.1'ey intake,
or purchase water froMa source Outside of the .-local. :system.Every watpr user adds seme"p011utantS to the water it
returns tb the water system, If left untreated, these _dater
discharges may lower the quality of, water _of the body of. ,

water into which they are dumped. Since water users -and
pollutersare located in A geogrdphical space, acitivities
Upstream and downstream are.affeoted differently by -the
dynamicaliy'Cre'ated water quality ,conditions.

D. The Local System

-Tile particular regional configuration being used is
represented on a grid map consisting of 625 Squares, Each
square is of equal size 'and represents 6.25 square-Miles,
2.5 miles on a side. The grid and all of the computer maps
are keyed to a coordinate system. EaCh parcel can be ,

identified by its coordinates., Horizontal coordinates
range frbm 70 to 118 and vertical Coordinates fro 12,to GO.
Intersedtions are identified by the odd-numbered coordinates
and highwayS are identified by even-odd (east-west) or -odd-
even, (north-South) coordinates. In all caseS, the
horizontal coordinate (i.e., the larger number) is identi-
fied, first.

For example, on the map in Figure 3 the shaded
parcel is identified as 7014. Further, the four mile
highway indicated by ZZZ is identified as 7217, 7417, 7617,
7817, while the two mile highway indicated by XXX is
identified as 7318, 7320. The intersection marked by 0
is located at 7317.

8.
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70 72 74 76 79 t'',0 P,2 94 94

+,.. 4- -+ + , +. 4

. ..

+ 4' . , . . f - ! - _ - 0 4 , 0 : 0 -0, 0 fi + . . . 1 f . . . . + : . . 4.
:0 ,

IA e ,, -...,

, .' -. i.

4,. -4' ,+' _ + .....4% ,-:4'. -',.. 4-0 .+ - .4-'
,._ -

16 . . . . '. .
. . . , ., ..-

7"
.

+...+EZZ-,C -I-Z2Z--ZaZg3+0....+4'.r.-0)-4,i 0+0 .0
.

. r-. -. .

, 11 . X
R. . - - .- .

4......+. ... +:,. + .,+ . +

x-. . . -.- .

20 .
X
_.. . .

X .- .

+ .4. ,...4 .. -+: -4; _ +._ + ..+ . +

- -.

, 22 . i
.



E. The Unit of Time -- A Round.

In the model, a round represents a year of change in
the life of the simulated area. From the standpoint of the
participants, however, a round may be thought of as a
decision-making cycle which starts when they receive their
computer output and ends when they hand in their decision
input forms for processing by the computer.

During the early part of the typical round, decision -
makers will be simultaneously reviewing their computer out-
put and attempting to organize their possible actions.
Economic decision-makers, fer example, will probably' attempt
to acquire parcels of land that look_ good for,future deVel-
opment purposF:s. They may attempt to Secure loans from
local or outside s:Ources, apply for :zening:changesi, request
utility expansions, and lobby for indreased highway access.
At the same time, social decision-makers retight be bargaining
for ,higher wages, requesting improvements in'local schools
and municipal services, lobby for higher water quality in
the local river, and trying to proMote those politicians
who see things their way.

Meanwhile, the governmental deciSion-makers may be
receiving requests from the economic and social decision-
makers to lower taxes, imorove schools, provide better
municipal services, expand highways, 'build additional
utilities, enlarge the park systemiandimprove other
services. Budget officials are laced with the task of
finding additional revenue to meet expanding public needs
and dividing appropriations among, the many local. depart-
ments, all of which have attempted to justify their ex-
panding budgets. Also, the 'government office concerned
with water quality might be pressuring the polluting indus-
tries to treat their wastes or face regulatory action. All
water users might be concerned with water quality and quan-
tity in so far as it affects their cost of using water and
doing business.

7
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Toward the middle of the round, it becomes clear to
many decision-makers that all of their requests will not
be granted. Thus, trade-offs and bargains must be made.
Elected officials will begin to worry about staying in

4office. Departments must often plan to operate with less
4; funds than they had requestd. Low income representatives

attempt to make their political power felt. High-income
representatives attempt to maintain their. status. _Business-
men begin to look for short-cuts jo reduce their losses And
increase their activity and profit-making ventures. The
water quality office/begins to act upon its earlier. threat.

As the round approaches a"condlusion, the partidipants
formalize the bargains they have made, continue to fill out
their decision aims, terMihate the negotiatiens on .new wage
levels, hew prices and new rents, carry ontheir beydottS
and complete any other 'possible actions All water related
decisions by the private and public decision-makerS are
completed. Treatment plantS.are-built, industries shut ''.own,
fine levied, sampling stations constructed,, 'etc.

When the round ends, participants campaign and carry
out new elections, hold town meetings, debrief their actions,
and develop new strategies iqhile the computer performs

sits functions and prepares new output on the status of the
simulated city.

F. The Function of the Computer

In the model, players are able to exercise a number of
decision alternatives. Only some of these will be com-
municated to the computer, the rest will be part of the con-
stant communication, bargaining and negotiating carried
out in the game-room itself.

The computer performs several major functions in the
model.

First, it stores all the relevant economic, social
and governmental statistics for the area; updates data
when changes are made; and prihts out yearly reports on the
status of the local system and reports for the economic,
social, and government decision-makers.

Second, the computer simulates ti : actions of the out-
side system. For example, the computer simulates both a
national business cycle, the Probabil:ties of federal-state
aid and interest rates on most loans.

11.
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Third, the computer performs certain routine functions
or processes that would be time-consuming if the players
themselves were to perform them. For example, the computer
assigns workers from population units to jobs under the
assumption that workers will attempt to earn as much moneyas possible. Other processes include assessing all property,
assigning buyers of goods and services to shop at, particular-
commercial establishments, assigning children to public or'private schools based upon the capacity and quality of the
public schools, and assigning population units to, residences
based on their desirability. The computer also Simulates
the migration process which moves population units into,out of, and within the local system. Lt also measures
all of the types of pollution at all points along, the riversystem and calculates a comprehensive water quality index.



_

II. COMPUTER PRINTED OUTPUT DESCRIPTION

A. Introduction

The printed computer output provi6as a yearly
report of the status of the.simulated region and bf inter-
actions within the region during the previous year. There
are several types of output: maps showing characteristics
of the region which differ geographically; summaries which
present information in capsulated form; and detailed,
information from which the ummaries are derived:

The figure on the next page Shows the titles
of the output sections in the order in which they are
printed; That sequence follows neither the logidal order
of computer program operations nor the usual sequence 'in
which a user examines the output. The code,number beside
the title of each section of output listed in this figure
is the code number used in all e>iamles of output included
in this manual. The output is explained in this section
in order of most general to most detailed infbrmation.
Output is explained in the following order:

- maps
- summary information
- 'general informatiJn of relevance to

all three sectors
- social sector detail
- economic sector detail
- government sector detail

There are a 2ew standard features of all printed
output sections. Each has a title which is a short
description of the type of information given by the section
of output. Each also contains both the round number and
the game heading (the name of the data base being used or
some other heading input by the director). Where relevant,,
a jurisdiction number is also printed.

After a few rounds' experience with the model, a
model user usually needs only the printed computer output
from a round 'and the Master Tables and input formats con-
tained in this manual in order to play subsequent rounds.
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B. Map Output

The model output includes several Maps which visually
represent characteristics of the simulated region which
differ by location. The entire simulated region is repre-
sented on a single, two-page computer map. A map key is
printed at the bottom of each page. Map symbolsappear on
a map in the three types of locations which can be specified
in the model: parcels (squares), parcel edges (lines sep-
arating squares), and intersections of lines (parcel corners).
Land uses and other characteristics of parcels are repre-
sented within the squares. Divisions between parcels such
as roads or jurisdiction boundaries are represented be-
tween parcels, and activities such as terminals are repre-
sented at parcel corners.

The Map Titles and a brief description of their 'con-
tents are given below, in the order in which they will be
discussed. All. information is located spatially.

Economic Status Map: economic owners.r economic activ-
ities and operating levels, zoning, levelS of utilities
installed, amounts of undeveloped land', road types, ter-
minal levels, jurisdiction boundaries.

Government Status MTE: school leVels, parks, municipal
service levels, utility plant levels, road types, terminal
levels, jurisdiction bo-undaries.

SOcio-Economi- Distribution Map: residence types and
levels, number of Pl's of each class, road :types, terminal
levels, jurisdiction boundaries.

Demographic Map: populations, residential quality in-
dexes, business value ratios, percent occupancy, road
types, terminal levels, jurisdiction boundaries..

Personal Goods Allocation Map: PG shopping location
for each class and residence, PG location.

Personal Services Allocation Map: PS shopping loca-
tion for each class and residence, PS location.

Business Commercial Map: BG and BS shopping location
for each business, BG and BS locations.

Lltility Map: utility units served, utility units
installed, utility plants, utility district boundaries,
jurisdiction boundaries.

is



Surface Water Mao: volumes of surface water, rates of
flow, land area in water, directions of surface water flow,
lakes.

Municipal Treatment Plant Map: municipal water intake
treatment plants and levels, municipal sewage treatment
plant types and levels, utility plant locations and code
numbers, directions of surface water flow, utility district
boundaries; lakes.

Municipal Inflow and Outflow Point Map: Municipal
surface water intake points, municipal sewage outflow
points, utility districts served by each, surface water
qualities, directions of surface water flow, utility dis-
trict boundaries, lakes:

Water Quality Map: economic activities and 'Operating
levels, surface water qualities. directions of surface
water flow, lakes.

Economic Sector Water Usage Map: economic activities
and operating levels, amounts of recycling, business ef-
fluent treatment types and levels, utility district'boundaries,
jurisdiction boundaries.

Municipal Services Map: economic activities and oper-
ating levels, municipal service units required, municipal
services and their use indexes, municipal service district
boundaries, jurisdiction boundaries.

'School Map: numbers of public school students, num-
bers of private school studdnts, schools and their use
indexes, school district boundaries, jurisdiction boundaries.

Highway Map: economic activities and operating levels,
road types, terminal levels.

Planning and Zoning Map: zoning, park, public insti-
tutional land uses, road types, terminal levels, jurisdiction
boundaries.

Parkland Usage Map: parks, populations served by park,
park use indexes, road types, terminal levels, jurisdiction
boundaries.

Market Value Mao: market values of all non-farm land,
privately owned buildings, and privately owned land and
buildings, road types, terminal levels, jurisdiction boundaries.
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Assessed Value Map: assessed values of non-farm pri-
vately owned land and buildings, road types, terminal
levels, jurisdiction boundaries.

Farm Assessed and Market Value Map: assessed and mar-
ket values of farms, amount of land in farms, road types,
terminal levels, jurisdiction boundaries, lakes.

Farm ,Map: farm owners, amount of land in farms, farm
types, levels of fertilization, road types, terminal levels,
jurisdiction bouridaries.

Farm Runoff Map: where runoff from farms flows, di-
rection of surface water flow, lakes.

River Basin. Flood Plain Ma2: river basins, dam
priorities, flood susceptibility of each parcel, direction
of surface water flow,lakes, jurisdiction boundaries.

Topographical Restriction Map: topographically unde-
velopable land, road types, terminal levels, jurisdiction
boundaries.

Social Decision Maker. Map: social decision-maker con-
trolling each class living on each residence parcel, road
types, terminal levels, jurisdiction boundaries.
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Economic Status Map

This map shows the economic sector owners of all privately-
owned non-farm parcels and the economic activity, if any, on
each parcel. A parcel can have only one economic owner and
one economic activity. Owners of farm parcels are shown on
the Farm Map. The types of economic activities represented
in the Model are listed in the Master Tables.

The economic owner of a parcel owns all of the land
and developments on the parcel which do not belong to the
government or which are not topographically undevelokable.
If the economic owner sells land to another economic de-
cision-maker, he must sell all of the privately-1,/owned
land and buildings on the parcel to the new owner. An
economic decision-maker can sell any portion of undeveloped
land on a parcel to a government department.

The Planning and Zoning Department may zone parcels.
Zoning is a restriction on economic development. Once a
parcel is assigned a particular zoning code, all new economic
development oh the parcel must conform to the new zoning.
If a ,parcel is unzoned, there is no restriction on what
type of activity may be constructed on it. The Economic
Status Map key defines what private land uses are allowed
unrler, each zoning code.

When a new economic development is constructed on a
parcel, it must not only conform to the parcel's zoning;
it must have sufficient utility service. Utilities are
installed by the Utility Department in "levels" (1 9).
Each level of economic activity requires a certain number
of utility units, and each level of utility service supplies
a fixed number of utility units to a parcel.

If an economic decision-maker has insufficient utility
service for a proposed development, the Utility Department
must install adequate utility service before the new devel-
opment can be constructed.*

*There are two exceptions to the utility restriction
on development: 1) RA housing can be built with "private
utilities", which do not require utilities supplied by the
Utility Department; 2) the director can override the utility
restriction on individual developments.'

18
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Economic developments also requike land., Each activity,
depending on its type, requires a certain amount of land
for each constructed level of developMent. Regarale6s of
the operating level of-an,activity,`the land consumed is
that of the constructed level, whiCh-is always greater than
-or equal to the operating level. The amount of'privately-
owned land which is dot in developments, is clasSifled.on
this map as undeveloped:. If a parcel: shows.ne undeelo-ped
land, no further economic development can occur there un-
less the owner either. .acqulres. more land from-a-government
department owning a portiOn'ef the-PardelOr detholiShbs
existing economic 'deVeloPtentS: PineCenpMiC d_eCiSion- -

Maker can acquire land' by ptrChaSin4;a parcel .from another,
economic dediSion-rmakek-or by bidding .on land-Which is
owned by the Outside._

The operating level of an economic activity is shown
on the Economic Status Map. For most purposes, -a busi-
ness' operating level i6 the only level conSidered by the
computer programs. However, a buSiness pays property
taxes and maintenance for its constructe&
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Government Status Map

Whereas there can be only one economic owner per parcel,

any combination of governMent departments can own developed

and undeveloped land on. a parcel. The government depart-
ments which can own land, and *the types of developments each

can construct on a parcel are:

Department Development Type

Utility Department

School Department
Municipal Service

Department
Planning and Zoning

Department
Highway Department

Utility Plant
Water Intake TreatMent Plant
Sewage Outflow Treatment Plant:

Chlorination
Primary Treatment
Secondary Treatment
Teftia.ty Treatment

School Unit
MUnicipal SerVice .Unit

Parkland
Public Institutional Land
Road*
Terminal*

A goyermien-t deRartMent eg;i sell undeveloped land
which it (awns to either Ogther government department or
to tte economic decisim=makeg gIgnip4.the privately-owned
Portion,of a pakcel.

The government status map shows the locations of some
of the types of government activities: schooli, parkS,
utility plants, and municipal service units.

*A road requires land from the parceli-on each side,
and a terminal requires land from the four parcels touching
the intersection at which it is located.
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Socio-Economic Distribution Map

This map shows the number of P1's of each class living
on each residence parcel. The residence type and level are
also printed.

The migration process allocates people to housing.
Only two classes can live on a residence parcel simul-
taneously, due in part to'themodel'srestriction that a
PH will not move into ,a residence with a quality indek
below-71 and a Pi, will not move into housing with a qtfality
index above 70. It is possible, if a residence depreciates
below the minimum that a class will accept, that high-
income, for example, will live in a residence with a quality
index below 71 if the class was living on the parcel before
the depreciation. In no case, however, can IPH's reside on
the same parcel with PL's.

Each level of a residence type provides a fixed num-
ber of space units. A P1 occupies a fixed number of
space units, depending, on its class. .The percent occu-
pancy Of each residence is shown on the Demographid Map.
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Demographic Map

The demographic map shows the number of people living
on each residence parcel, the percent occupancy of each
residence and the quality of all privately owned buildings
and evivilent.

Ove.L:rowding (over 100% occupancy) contributes to a
residence's neighborhood index and to the health index.

The quality is expressed as the quality index for a
residence and as the value ratio for non-residential ac-
tivities. A value ratio is the ratio of the present con-
dition of a business' buildings and equipment to their
original condition, expressed as a percent.

A quality index is somewhat different. Ihereas a
new business has a value ratio of 100, a new residence
can have a quality index from 40 to 100.

Each year buildings and equipment depreciate in re-
sponse to several conditions which vary by type of activity
(see the Master Tables for the:causes of depreciation).
A buSiness's depreciation is measured as a percent of
original value (100).. A residence's depreciation is
measured as a percent of the original value of such a type
of residence originally built at a quality index of 100,
regardless of the original quality of the specific resi-
dence. Thus, business depreciation is a percent of original
value but residential depreciation is a percent of quality
index .100.

The owner of an activity can set a maintenance level
for the activity. The maintenance level is the quality
index or value ratio at which the owner will maintain
the activity, regardless of how much it depreciates in a.
year. Not until the activity's value ratio or quality
index falls to its maintenance level does the owner incur
maintenance expenditures. The computer program depreciates
and maintains buildings and equipment and charges the
owner for the maintenance cost.

The Demographic Map shows quality indexes and value
ratios after depreciation and after any maintenance.
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Figure 10.23
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Personal Goods Allocation Map

This map identifies the location of Personal Goods esta-
blishments and identifies the PG establishments that serve
the customers from each parcel of land that has.residences
on it. PG establishments are located on those parcels that
are_encircled by asterisks. Their code number is also shown
on the parcel where they are located.

It is possible to have up to three distinct customers
on a parcel of residential land: population units from two
classes and the residence landlord. No more than two classes
of population may live on a single residential parcel. All
population units purchase personal goods as part of their
annual expenditures:- All Pl's of a class on a parcel purchase
their personal goods at a single PG establishment. Landlords
purchase personal goods only if they make maintenance expen-
ditures. Buyers are assigned to specific commercial activities
taking into account the price charged, transportation costs
to the store, the capacity of the store,.and boycotts.

The four .letter codes used within a parcel on the map
are: L = low income, 11 = middle income, H = high income, and
R = residence. One or two of the first three codes prints if
population units live on the parcel. If no one occupies the
housing, no income class code is printed.. The number after
the letter code is the PG establishment code. The outside
Local system PG suppliers are identified sequentially as
determined by their location. Establishments.located-on-
parcels as one reads the map from top to bottom and from
left to right have the lowest code numbers. The identifica-
tion number assigned to a particular PG establishment might
change from round to round if new PG's are being constructed
at locations that are scanned prior to the parcel on which
that particular PG is located.

The buYer code "R" will print on every parcel that has
a residence. If the landlord makes maintenance expenditures
then the R is followed by a PG establishment code. No code
after the R indicates that no maintenance is being performed
on that residence parcel.
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4

Personal Services Allocation Map

This map identifies the location of Personal Services
establishments and PS establishment that serves the cus-
tomers from each parcel of land that ha., residences on it.
PS establishments are located on those parcels that are en-
circled by asterisks. Their code number is also shown on
the parcel where they are located:-

It is possible to have up to three distinct customers
on a parcel of residential land: population units from two
classes and the residence landlord. No more than two
classes of population may live on a single residential
parcel. All population units purchase personal services as
part of their annual expenditures. All Pl.'s of a class on
a parcel purchase their personal services at a single PS
establishment. Landlords purchase personal services only
if they make maintenance expenditures. Buyers are assigned
to specific commercial activities taking into account price
charged, transportation costs to the store, capacity of the
store, and boycotts.

The four letter codes used within a parcel on the map
are L = low income, H = middle income, H = high income, and
R = residence. One or two of the first three codes prints if
population units live on the parcel. If no one occupies the
housing, no income class code is printed. The number after
the letter code is the PS establishment code. The outside
system suppliers are identified by the number code "1".
Local system PS suppliers are identified sequentially as
determined by their location. Establishments located on
parcels as one reads the map from top to bottom and from
left to right have the lowest code numbers. The identifi-
cation number assigned to a particular PS establishment
might change from round to round if new PS's are being con-
structed at locations that are scanned prior to the parcel
on which that particular PS is located.

The buyer code "R" will print on every parcel that has
a residence. If the landlord makes maintenance expenditures
then the R is followed by a PS establishment code. No 'code
after the R indicates that no maintenance is being performed,
on that residence parcel.
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Business Commercial Map

This map identifies the location of BG and BS estab-
lishments and indicates the establishment code number for
BG and ]3S establishments serving economic activities.

BG and BS establishments are located on those parcels
that are encircled by asterisks and their identification
number is shown. The outside system suppliers are always
assigned the establishment code of "1". Local suppliers
are then assigned numbers by'starting at the top of the
board and reading from left to right.

Local economic activities (industries and PG and PS
commercial establishments) purchase BG and BS as part of
their annual operation requirements. Buyers are assigned
to a single specific supplier taking into account prices
charged, transportation costs to the commercial establish-
ments, capacity of the establishments, and boycotts..

The parcels on which buyers of BG and BS are located
show the two letter code for the business activity and the
number code of the BG establishment serving it (second line
and the number code of the BS establishment serving it
(third line).
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1

Utility Map

This map designates th jurisdictional boundaries
(000) and the district boundaries (xxx) for all utility
plants within each jurisdiction. Utility districts are
groups of contiguous parcels that are within the service
area of a utility plant. There may be parcels of land
that are-not contained within a utility district.

The information contained on a land parcel shows
the number of utility units required by utility users,
the number of utility units installed on the parcel, and
the number of the utility district serving the parcel.

Utility plant locations are indicated on the Utility'
Map with asterisks surrounding the parcels on which the
plants are located. Each utility district is identified
with a unique utility number (starting with "1" and
ending with "n", where "n" is the number of utility dis-
tricts). The bottom piece of information on each parcel
indicates the number of the utility plant serving that
parcel.

The number of utility unit consumed on a parcel is
dependent upon the private landuse activity: The map
key shows the number of utility units demanded by a level
one of each of the private land use activities.

The number of units installed on a parcel is a policy
decision made by the Utility Department. The Utility
Department provides one of nine levels of utility service
to a, parcel. Each level of utility service has a corres-
ponding number of utility units that may be provided.
Consult the Utility Master Table for the maximum number
of utility units that may be provided for each level of
utility service.

A parcel of land that is within a utility district
may not be developed if the private development would
require more units of utility service than could be pro-
vided by the present level of utility service provided
to that parcel. Thus, the "UNITS INSTALLED" puts an
upper limit on the "UNITS SFRVED" for all parcels within
utility districts.
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Surface Water Map

The Surface Water Map displays those characteristics
of a surface water system which do not changp dynamically,
during a particular' run of the model. -For each pardel
on which there.is Surface water, the map shows the volume.
of water, 'its rate of flow, and the percent of the surface
area of the parcel which is water.

The volume* of watenon-a parcel is measured mil-
lions of gallons per day (MGD) passing any one point on
the parcel. The volume of .water on a pargel'affects both
the water quality on a parcel and the amountof water'
which can _be removed from. the surface water on that par-
cel'for municipal and industrial Ise.-

The rate of flow of water on a par6e1 is peasurea
in the number of parcels which water fiowiner kt::fhat
rate would cross in one- day. Water bodies LAdergo a.
natural cleansing process.' ,The slower a river flows, the
less distance some types of pollutants travel before they
are naturally removed from the_river.

The amount of Surface area occupied by water has one
effect.in the model: it preempts a portion.of the parcel
from use in other activities.

The map also displays the direction-of the river's
flow. The arrows between parcels point in the direction
that the water flows. Water flows from parcel to parcel',
traveling within parcels. If a parcel has a volume of
water but no arrows pointing away from it, it either is
the last parcel through which a river flows or has a
self-containe surface water system which does not dyna-
mically interact with the other surface water system
parcels.

A parcel which is displayed as all dots is entirely
water, usually a very large body of water into which a
river flows, such as a large lake or ocean. The water on
such a parcel does not interact with the surface water
represented in the model; its quality is affected by
activities in an area much greater than' the simulated
area. For convenience, such a water body is termed a
lake in the model.
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Municipal Treatment Plant Map

A Utility Department supplies water twall economic
activities except some basid industries which obtain their
own water from the surface water. Each utility district
is also a water district. A parcel is supplied with
Lunicipal water and sewer service when utilities are
installed on the parcel. The department can decide where
to intake water, where to 'dump sewage, how much intake
water it will provide, how much sewage treatment it will
provide, and where treatment facilities will be located.

Municipal water intake and sewage treatment plants
are located in the utility districts which' they. serve.
An-intake treatment plant processes the surface water
removed from the parcel on. which its intake point is
located (not necessarily within the water district which
it serves,). All water treated-by an intake treatment
plant is processed to drinking water quality. The quality
of the water before it is treated varies with the amount
of pollution in the-surface water where the intake point
is located. There are nine*water quality ratings, 1 being
the best quality and 9 being the worst. A parcel's water
quality rating is based on the volume of water on the pax=____

. cel and the amount of pollution entering it from adjoin-
ing parcels.

Water Quality Rating Description

1 Drinkable - best quality water
2 Drinkable - with minor treatment
3 Swimmable - direct body contact

possible
4 Boating and Fishing - indirect

body contact
5 Fair esthetic value
6 Poor esthetic value - treatable

at moderate cost
7 No esthetic value - treatable

at high cost
8 Negative esthetic value -

treatable at very high cost
-9 Unusable water

Seven types of pollutants are measured for the quality
rating.

. .

Pollutants Description

BOD Biochemical Oxygen Demand; the.
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Pollutants "DesCription

Chlorides

Nutrients

Coliform Bacteria

Temperature

Oil and Floating Solids

natural breakdown of this
pollutant causes a decrease
in the concentration of dissol-
ved oxygen in the water:

Chlorides are epployed as an
indicator of persistent pollu-
tants.

Phosphate, nitrite, nitrate,
nitrogen, and phosphorous.

Indication of the potential
health hazard of a given body
of water.

Ameasure of the deviation from
the normal tempe±ature of the
surface water.

Any oil added to the system
and all floating solids such
as .refuse, garbage, cans,
boards, tires, etc.

High-Level Wastes Highly toxic, non-degradable
substances.

The quality of water at a district's intake point
affects, among other things, the cost to process the water
to drinking water quality. The water quality of a parcel
is shown on the Water Quality Map. That quality is not
affected by any pollution dumped on the parcel, only by
pollution dumped on upstream parcels.

An inflow treatment plant, while able to make all
but the worst (quality 9) water drinkable, has a capacity
which is a function of its level. The amount of water
which a district needs is a function of the needs of the
activities located in the district, but the amount of
water which a district can obtain may be limited by its
inflow treatment plant capacity. Whenever a district
cannot obtain all of its needed water for any reason,
including insufficient inflow treatment plant capacity,
the activities served by the district purchase that
proportion of their water needs which cannot be met
locally from the Outside at a high cost. The cost to
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construct an inflow treatment plant increases with the
number of levels constructed. Unlike levels of other
activities in the model, municipal treatment plant costs
and capacities are not necessarily even multiples of level
one costs and capacities. The land requirements, however,
are multiples of level one.

Municipal sewage treatment plants can be constructed
not only to different levels (capacities) but alsoto
different types of treatment. The types of sewage treat-
ment are, in increasing order of pollution removal:

Chlorination (CL)
Primary Treatment (PT)
Secondary Treatment (ST)
Tertiary Treatment (TT)

Tertiary treatment requires the three other types of
treatment; secondary treatment requires chlorination and
primary treatment. The level of treatment printed on the
map is the level of the type printed and of all lesser
types. There is no provision for the case of different
levels of different types of treatment within a single
district.

Since treatment plants have fixed capacities which
Vary by their levels, any district's sewage in excess
of its plant's capacity flows untreated into the surface
water on the parcel on which the district's outflow point
is located.

Note that all of a district's intake treatment must
be located on a single parcel. Likewise, all of- its sew-
age treatment must be on a single parcel, although that
parcel does not have to be the same one as that on which
its intake treatment plant is located.

'UT' appears in the middle row of a parcel if there is
a utility plant on the parcel. Next to the 'UT' is the
code number of the utility plant. That number matches the
number printed next to the district's intake and outflow
points on the Municipal Inflow and Outflow Point Map.
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Municipal Inflow and Outflow Point Map

Unlike treatment plants, municipal intake and
outflow points do not have to be located within the dis-
tricts which they serve. This map shows where each dis-
trict's intake and outflow points are located. The
code number next to the 'IN' or 'OU' on the map is the
code number of the utility plant in the district which
the point serves.

Each district has one intake point and one outflow
point. However, there can be more than one inflow and
outflow point on a parcel. The map shows only one point,
so if there is nore than one on a parcel, only the
Utility Department Report will note the existence of
all of the others.
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Water Quality Map

The surface water quality on a parcel is a function
of the pollution entering the parcel from adjoining par-
cels and of the amount of water on the parcel itself.
The water quality on a parcel is not affected by any
dumping activity on the parcel itself. Any activity which
removes water from a parcel removes it at the quality
shown on the Water Quality Map.

Quality is the only characteristic of surface water
which can change during a run of the model. The other
characteristics (rate of flow, volume, and surface area)
are constant.

Water Sampling Stations can be set up to measure
the exact pollution content of the water flowing out of
parcels. Sampling stations can also be established to
measure the pollution content of water generated by either
individual economic activities or municipal systeMs. The
operation of a sampling station is charged to the, Utility
Department of the jurisdiction in which the station is
located.

The figure on the next page illustrates the processes
which affect surface water pollution. The pollution flow-
ing into a parcel from adjoining parcels is mixed in the
water on the parcel. The pollution concentration pe-z MGD
is then measured and the water is rated in one of tle nine
water quality categories. The water quality rating is
the worst rating category generated in any sinale pollutant.
The rating allows no trade-off between a pollutant which
is present in very low concentration and one which is very
highly concentrated.

Next, water is removed if there are any intaking
activities on the parcel. There are two types of intaking
activities: 1) basic industries of the types which require
surface water; and 2) municipal intake points. There can
be only one economic activity on a parcel, and if it is
a surface water user, it intakes and dumps on the parcel
on which it is located. nunicipal intake water is sent
to the municipal intake treatment plant and from there to
activities served by the district.

The surface water which is not removed undergoes a
biological change process in which some of the pollutants
decay naturally. That water is :nixed with any water
dumped on the parcel. There are three types of activities
which can dump on a parcel. In addition to basic industries
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Figure 10.8
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and municipal outflow points, farm runoff can add to the
pollution on a parcel. Whereas basic industries and muni-
cipalities can treat their effluent and thus remove
some or all of their pollution, farm pollution can be
cut back only if the farm owner decreases the amount
of fertilizer used on the farm, The total amount of
pollution is then moved on to the next parcel in the
river.

The water quality map shows where rivers and econo-
mic activities are located in addition to water quality.

46



Z!

Water Usage Map

Tea industries can treat their effluent in order
to remo,ve pollutants. An industry's effluent treatment
plant is located on the sane parcel as the industry and
does not consume land. Like municipal efflbent treatment
plants, industrial treatment plants can be of four types:
chlorination (CL), primary treatment (PT) , secondary
treatment (ST), and tertiary treatment (TT). Industrial
treatment plants can he constructed to any level and each
treatment plant level has the capacity to treat all of
the effluent of a level of the industry type which it is
constructed to serve. The construction cost of a level
of treatment plant varies by treatment type and type of
industry.

Industries can recycle up to half of their effluent.
Recycled water is not processed through an effluent treat-
ment plant. Its treatment is a process distinct from
industrial intake or outflow treatment and costs a fixed
number of dor.ars per MG recycled. So, a level two indus-
try at a recycle level of 100% and having a level one
effluent treatment plant treats all of the water which
it dumps. If the recycle level under those Conditions
were 50%, then the industry would treat only two-thirds of
the amount which it dumped and one third would oe dumped
untreated.

Unlike municipal water intake treatment facilities,
industrial intake treatment is assumed to exist when the
industry is constructed and it is assumed to have the
capacity to treat all of the water required by the indus-
try. Like municipal intake treatment costs, industrial
intake treatment costs increase as water quality worsens,
and the worst water (quality 9) cannot be treated. The
industry is .forced to pay a high cost for water e cost
represented by the Outside price of water. Furt er
intake water quality affects the depreciation of surface
water users, a reflection of wear on treatment equipment.

NOTE: Regardless of tne amount of recycling, intake water
quality has tne same effect on industrial deprecia-
tion. The volume treated does not matter. The
assumption is that recycled water: goes through in-
take treatment, so no wear and tear on treatment
equipment has been avoided.
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Municipal Sef-Vioes Map

This map designates the jurisdictional boundaries
000)-and the district boundaries (xxx) for all municipal
service districts within each jurisdiction. Municipal
service districts are groups of contiguous parcels that
are within the service area of a municipal service (MS)
plant. There may be parcels of lard that are not contained
Within a MS district.

The information contained on a land rarcel.ShoWs,the
private land use and constructed level and the'number of
MS units required by this private land use. The MS Use
index is shown on those parcels on which a MS plant is
located. The parcel locations of MS plants are al8o
indicated by surrounding ascrisks (***).

*

Private land uses require the. number of MS units
indicated fn the MS Master Table'. Eadh land use receives
the number, of units of service it requires, but the quality
of the MS service is based upon the ratio of units demanded
within a district to the units that are available to the
MS plant given its level, value ratio., and employment mix.
This ratio is called the MS Use Index, and as it. ises
above 100 the quality .of service declines.

The MS Use_Index.affects the neiahborhbOd index
(neighborhood dissatisfaction) which in turn affects
migratibn and housing'selection; the Usendex also
affects the rate_at which private developments debline
in value each round.
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School Map

This map designates jurisdictional boundaries (000)
and school district boundaries (xxx) for all school dis-
tricts. within each jurisdiction. A school district is
a group of contiguous parcels that are within the Service
area of a school facility. Therefore, every school facil-
ity (conceptualj.zed as a collection of elementary and

_secondary education buildings) has an associated school
district. There may he parcels of land that are not
served by a public school district. School aged children
on these parcels are forced to attend private schools..

The information contained on a parcel of occupied
residences shows the number of students attending the
`local public school (top line) and the number of students
attending private schools (middle line). Both of these
student figures are expressed in-hundreds of students.
The School Use Index is shown on those parcels on which
a school facility is located. The parcels on which school
facilities are located are surrounded by asterisks (***).

Students from high and middle income faMilies will
attend the local public schools only,if a certain number
of school quality criteria are met. Consult the School
Master Table for the specific criteria,

The School Use Index is dependent upon the number
of students attending the school district and the capacity
Of the school district given the level -nd'value ratio of
the ,school facility and the mix of teachers. As this
index rises above 100 the quality of public school ser-
vices declines. The School Use Index affects the neigh-
borhood index (neighborhood dissatisfaction) which in
turn affects migration and housing selection.

School district boundaries may be altered by the
School Department in an effort to improve the supply-
demand balance, serve areas previously not served, and/or
change the social class mix of the students attending
the public schools.
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Highway Map

This map designates the location and level of roads
and terminals. Roads may be built in the roadbeds which
are located along the sides of the parcels of land. Roads
may be built at one of three operating levels (1 through 3,
with 3 being the largest capacity road). Road locations
are identified by a coordinate pair that consists of an
even and an odd number. For example, 7011 is the east-west
road at the upper left portion of the map and 6912 is the
north-south road at the upper left portion of the map.
[Roads may not be built along the extreme right boundary
(line 119) or along the extreme bottom boundary (line 61)
of the map.]

Terminals may be built at one of three service leVels
(with level 3 being the largest capacity terminal). Ter-
minals are located at the intersections of roads. or road-
beds. Business activities that use terminals areassigned
to specific terminal locations taking into account accessi-
bility and terminal capacity.
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Planning and Zoning Map

0 This map shows the zoning that is in effect on each
parcel of land for which the local. jurisdiction has desig-
nated a zoning code. New land uses must conform to the
zoning classifications. Existing land uses are not forced
to change as the result of new zoning classifications
that are inconsistent. Parcels that have no zoning do not
have any construction limitations placed upon them. The
land uses allowed under each zoning classification are
shown in the Economic Master Table and in the Planning and
Zoning Master Table.

The percent of each parcel devoted to parkland and
public institutional land is also shown on the Planning
and Zoning Map. Parkland is relatively, undeveloped public,
land that is operated by the Planning and'Zoning Department
and serves the community in the form of football and base-
ball fields, picnic areas, hiking trails, and wooded land.
Public institutional land contains costly public recreation
facilities such as museums, art galleries; libraries, and
sports arenas.

This map also shows the road network, terminals and
jurisdictional boundaries.
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Parkland Usage Map

This map shows the location and amount of land devoted
to parks. Each parcel containing parkland has a number
that indicates the percent of the parcel in parks. A
"park" is all the parkland on a single parcel regardless of
tne percent of the parcel devoted to park use. Parkland
from two parcels may not be combined into a single "park".

The local population using each park is the
piece of information contained on each parkland parcel.
An index value of parkland use is the final piece of in-
formation on each park parcel.

The number of people living on a residence parcel is
a measure of the demand for .parkland by that parcel. This
demand is supplied by parks within a 5 by 5 grid centered
on that residence parcel. Each park within the grid is
assigned a share of the residents on the residence parcel
that is proportional to the size of each park relative to
the total parkland within the grid. Therefore, assignment
to parks is performed from the point-of-view of the resi-
dence parcels.

Once all the residence demand has been allocated to
parks (residences that have no parks within their 5 by 5
grid are not allocated to parks) the nark use index is cal-
culated by dividing the people served by 250 times the
normalized perbent of the parcel in parkland. The normal-
ized percent of the land in parkland is derived by adding
the percent in parkland and two times the percent of the
land in public institutional use.

The park use index affects personal dissatisfaction
in such a way that poor parks (those with use indices be-
tween 100 and 200) tend to diminish the positive effect
that units of time spent in recreation has on the personal
dissatisfaction index. The park index used by a residence
parc.el in determining the effect of park service on dis-
satIsfaction is the park with the highest use index within
the 5 by 5 grid area. A residence with no park to serve
it is assumed to be served by a park with a use index of
200.

When a residence is served by a park with a park use
index of 100 or less, the number of units of leisure time
allocated by social classes on that parcel (TR = time in
recreation) are subtracted from the personal dissatisfaction
index. If the park index is greater than 100, the number
of units subtracted from the personal dissatisfaction index
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1

is equal to the Park Use Index minus 100 (and expressedas a percent) times TR. Thus, if the park Use Index is the
worst possible (200) the effect of local park service onthe personal dissatisfaction index is zero. Therefore,park service quality has only a one-sided effect on personal
dissatisfaction (it may subtract from personal dissatis-faction but never add to it).

This map also shows the road network, terminals, and
jurisdictional boundaries.
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Market Value Map

This map designates the jurisdictional boundaries
(000) and the highway system (including terminals).
Nonfarm parcels of land that are owned by local decision-
makerscontain information on the market value of the
land and developments on the parcel (values are in $100,000's).

The top.row of each such parcel indicates the market
value of 100% of the land on the parcel. This value of
100 percent of the land on the parcel is printed so that
comparisons may be made from one parcel to another without
having to take into consideration what percent of each
parcel is privately owned. Since there is usually some
land on most parcels that is not privately owned, the
actual market values of the land will be somewhat less
than indicated on the map. Nonprivate uses of the land
might be for rights of way, schools, municipal services,
utilities, treatment plants, parks, institutional,,public
undeveloped, water bodies, and topographically undevelopable.

The middle row indicates the market value of all pri-
vate developments. This value is the normal new value
(see Economic Master Table) of each land use time: the
constructed level times the value ratio.
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Assessed Value Map

This map shows the assessed values of non-farm land
and of developments on the land for those parcels of land
that have a private local system owner (i.e.,.non-farrm
parcels owned by Economic Teams). The top number on a
parcel square is ,_he assessed value of 100% of the land.

Assessed values of land are created in two ways: first,

land that is newly purchased at a price higher than the pre-
vious market value is given a new market value equal to the
sale price and a new assessed value .that is dependent upon
the jurisdiction's developed land assessment ratio or -un-

developed land assessment ratio, depending on -waether there
is any economic activity on the parcel; second, through
local assessment policy. The local assessment.policy can
change the value by altering the land assessment ratio
(either jurisdiction-wide or by parcel) or inputting a
dollar amount (this decision only lasts for one round).

The second number is the assessed value of the devel-
opment cn the parcel. If no number appears in this position,
the land is still undeveloped. Assessed values of devel-
opments are changed through new constructions, declining
market values of developments (resulting from declining
value ratios), and changes in the development assessment
ratios. The Assessment Department may change the assessed
values of developments by changing the jurisdiction-wide
developm-nt assessment ratios, changing the development
assessment ratio for specific parcels, or by inputting
a aollar vale: of the development assessment (this decision
lasts for only one round and must be inplit each round for
which the dollar assessed value is to remain :he same).

The last line on a privately-owned land parcel shows
the total (land and development) assessed value. The

dollar values or thi' map are expressed in a scale factor
($1m; $100,000; or $10.000) that is chosen by the computer
based upon the highest and lowest dollar values represented
on the map. Therefore, the map key is adjusted automatically
when the need arises.

This map also shows jurisdictional boundaries, the

road netowrk, and the location of terminals.
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Figure 10.17
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Farm Assessed and Market Value Map

The value shown for a farm parcel on the map is for
that portion of a parcel which is in farm use. The ratio
of assessed value to market value is set by.the Assessor
of the jurisdiction in which a farm is located. A farm
owner pays local property taxes at the rate set by the
Chairman and on the base set by the Assessor of the juris-
diction in which the farm is located. Since a farm's net
income before taxes is fixed according to the farm's
fertilizer level, the amount of land at the farm and the
farm type, the only variable expenditure is local property
tax.

64



Figure 10.15
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Farm Mao

A farm can contain more than one parcel. All of the
parcels in a single farm have the same owner, farm code
number, farm type, and fertilizer level. The amount of
land in farm use may be different for the different par-
cels in a single farm. The rest of the land can be in
public use or can be topographically unusable. No other
economic activity can be located on a farm parcel, and
all of the farmland on a single farm parcel is of the
same farm type. When the economic owner of a farm parcel
changes, the parcel ceases to be classified as a farm.
Once an initial starting corCiguration of the board has
been selected, no farms can be created.

There are two types of decisions which a farm owner
can make: set the fertilizer level for a farm; and sell
part or all of the farmland on a farm.

A farm's fertilizer level is an integer from 0
to 3. Associated with each of the four fertilizer factors
is a multiplierwhich represents the increase in normal
income which occurs at that fertilizer factor for the
farm type. There is also an associated amount of pollu-
tion in the runoff resulting from each fertilizer faptor.
Volume of runoff stays the same for a farm pdrcel regard-
less of the amount of land on that parcel in farm activity.
When a parcel is no longer a farm, no more runoff exists.
A farm owner's income increases as he sets a higher fer-
tilizer factor level. Likewise, the amount of pollution
on a farm's runoff increases with the fertilizer level.
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Farm Runoff Map

Farms do not use snrface water or municipally-
supplied water. Their water requirements are assumed tobe met by rain or ground water. However, some of the
water which falls on farms runs into the surface water.Farms use fertilizer, and those nutrients flow into the
surface water in farm runoff. The Farm Runoff Map shows
where farm runoff flows. The program assigns each surfacewater parcel a code number, which is printed on the top
row of parcels containing surface water. Wherever thereis a farm, the middle row shows 'F' and the farm type.
Different types of farms have different basic fertilizer
requirements and net incomes from sales. On a farm par-
"de-r-the bottom row of the parcel shows the code number of
the surface water parcel on which the farm parcel's run-OTT flows.

A farm owner 'Sets a level of fertilizer use for the
farm. The higher the fertilizer level, the greater the
concentration of nutrients in the runoff from the parcelscomprising the farm.

68



Figure 10.12
I... aro o ow .. ........ .

1 1( II,
4646 4,Alf s Ai 'MOO 2

70 72 74 76 VS 60 62 $4 66 SO 10 92 *4 16 is 100 102 104 106 lot no tap 114 114 III

1 1 1 1 1 1 1 1 1 1 1 l . 1 ....I S 1 I 1 1 1 1 I 1 I 1 112 1 1 1 I 1 1 1 1 1 1 1 I. . . 1. . I 1 1 1 1 1 1 1 I 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 I." .1...1 1 1 t 1 1 1 1 1 1 1 1 1

0 0 .0. *** o oo0ii,W00000000000000,0000............................00.o.....11.11111111111 161111111111113411111111111111621F21 a III a ill II111111111111111411111111111---------------.----..........-...........--.Yivv * . ..111111111111111111111111m1411111111111111621$2111111111111'111111111111171,11111.111111.- . . v% v * * .
1 1 a 1 1 1 1 1 1 1 1 1 1 1 6 1 a 1 1 1 1 1 1 1 1 1 114 1 1 I 1 1 1 1 1 a 1 1 1 1 1 1 21 6211111111111111111111111114141111111111111111111111111111111111111120 1111111111111111111111111120111111111111111111111111111111111111111121111111111111211111111111111111111111111211111111111111111111111111111111111111111)11111111111124111111111111111111111111112111111111111111111111111111111111111111141111111111.1124111111111111111111111111112411111111111111111111111111,... *111111111111111111111111112611111111111111/111111111112r11111111111111111111111111. . . viv . . *11111111111111t0 <11414411cs243;410<29 <2$<27 <26 <2S1101111t11$116t11111111<<<«<«4«1101111211201141111111 1«««4/4«t

.... ... . ... ..vvvv---------%------------------*------------
1 24 < 21 < 22 4 it < to c 14 < It < ti 4 14 < IS < 14 < 13 C 12 C 11 1 1 1 1 1 I 1 1 1 1 1 112 I « <1 I< 7 lC 7 I< < « < C < < 111111111111121«<21 420 4as«444«4111 III Italia111111111111111111111111111411111111111111111$11$11$31111111141111111111111111112112112111111111111111111111111111111111141111111111 111111111111111111111111111111111111111111.;;;...:.;....: ....

16; I 1 1 1 I 1 l' 1 I 1 '1 1'1 I1 1 1 I1 I 1 I I 1 111111111111111111111111111* . ... . . . . . . .1111111111111111111111111140 1 . . . a a 111111111111111111111111.111111111111111111111111111111111142 11111111111111111111111111111'11111111111111111111111... . .... «. * ** .. ** **** ...11111'111111111111111111111441111111111111111111111111111111111111111111111111111
0 . . . * * * . ... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4 - ... . . .111111111111111111111111114411111:11111111111111111111
1 1 I 1 I III 1 I 1 1 1 t t I 1 I 1 1 1 t 1 1 I I,.. . ........ . .. . .. . . . . ...11111111111111111111111111461111111111111111111111111111111111111111111111111111

e0 .00. o 1 1 . . oe oe ... eo oe .0 . o .. cm oeoo 4. 0 o
I I la a I a I I a a i 1 a II a I I a al a I a I

so I I la I I a I I a I I I a la a la a a I a 1 a a

I I I a II a a 1 a I I I a 1 a a la a al a I a I11111111111111111111111111S2 I1111111111111111111111111S2
1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1. .-. . . * . .... ... .
1 1 1 1 1 1 a 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 a 1 1'

Si 1 1 1 1 1 1 1 1 1 1 a 1 1 1 1 1 1 1 1 a 1 1 1 1 1 1s6
1 1 a 1 1 1 1 1 1 1 1 1 1 I 1 a 1 a 1 1 1 1 a a 1 1. ..... . ... .... «. . . . ... * **
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 a 1 1 1 1

54 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 a 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 a 1 1 a 1

... . .- .. .... ... . * ... ..... * *** .... ... .... .
1 1 1 1 1 1 ; 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I

a.
st i a I 1 a 1 II i 1111 I it I III II 1 a .1 a 44

a a It a III I 11111 al a I a I a a II I aw_N .. . . . . ..111111111111111111111111116o1.11111111111111111111111114111111111111111111111111111. . . ..... ...... .. ....
70 72 76 74 7$ 10 ST 64 $6 44 90 92 . 96 95 100 102 104 104 106 110 112 116 116 114

44

19

40

42

44

46

44

Sn

66

046C (LS

106 1106, mil 4v464ct limo 646CFLS1
Cnv 1 436054 Of P.M EL

70045 Ind: 71 1661
01106 PO.: n7CIL en( 11 f CtOt4f f 6 levS

69

046CIL FOCI S

)4vC 01011,11O9 Of Pow
--- vi watts 404%0

61161 En 1,00776



River Basin Flood Plain Map

Each parcel has a flood susceptibility between 0 and
3 representing the parcel's likelihood of suffering damage
due to its location when a flood occurs in its river basin.
A parcel with zero flood susceptibility remains undamaged
when there is a flood, and a parcel with a flood suscep-
tibility of 3 suffers the flood's worst damage.

The game director controls the time of occurrence
and severity of floods. When a flood occurs, it affects
the depreciation of businesses and residences located on
parcels with nor.-zero flood susceptibilities. The degree
of damage done to a business or residence by a flood is
a function of the severity of the flood as input by the
director, the parcel's flood susceptibility, the type of
economic activity, and the dam priority of the river basin
in which the parcel is located. A river basin's dam
priority (A, B, or C) represents the major purpose of the
operation of the dams in that river basin. The three sets
of priorities involve trade-offs among flood control,
pollutant concentrations, and water availability for major
recreation areas.

.

Each of the four factors in degree of damage has an
associated numerical value. All four are multiplied toge-
ther in the calculation of degree of damage.
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Topographical Restriction Map

This map shows the percent of a parcel that may not be
purchased or developed by any local decision-makers. Land

-- that is topographically undevelopable includes mountains,
rock outcrops, swamps. None of the area consumed by water
bodies represented in the local system (large lakes, small
lakes, and rivers) is shown on this map. The map also
shows jurisdictional boundaries, the road network, and the
location of terminals.
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Figure 10.25
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Social Decision Maker Map

This map indicates which social players make decisions
for the low, middle, and high income population units on

parcels. The top letter on a given parcel represents the

social decision-maker who controls the PL's who live there,
and the middle and lower letters represent the social decision-
makers who control, the PM's and PH's, respectively, who live

there. If a particular class does not live on a parcel,
no letter is printed.

Not until a parcel is developed for residential land
use and occupied by at least one income class, will a social
decision-maker for that parcel appear on the map. Note that
different decision-makers may control the different popu-
lation classes on a single parcel. Social teams acquire
control over additional P1's on a parcel when the number of
P1's of that class moving intror-t* parcel exceeds the number
moving out. Social teams may finathat from round to round
they gain or lose control of population units on a residential
parcel of land. This occurs as a result of the migration of
P1's of a class to a parcel where previously there were no
P1's of that class (a gain) or as a result of the migration
away from a parcel of all the P1's of a class on that parcel.
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C. Summary Information

1. Demourapilic and Lconomic Statistics

The output summarizes a wide variety of information
about the simulated region. There are two basic types
of information: statistics by jurisdiction and for the
region as a whole about local conditions. and measures of
intern ions between the region and the Outside System.
The fonder provide comparisons between jurisdictions; the
latter provic:e comparisons between the local and Outside
systems.

Statistics Re5arding Local Conditions

Total population: the number of people (not Pl's), 0

by class.

Percent change over previous year: the total popu-
lation change, positive or negative, between the current
round and the previous round. This is the only local
statistic which is given only as a total and not broken
down by jurisdiction.

Average population per parcel: the number of people
divided by the number of parcels.

Developed land (in parcels): the amount of land
area (in parcel eq ivalents) consumed by public and
private development_:.

Undeveloped land: the amount of land area (in parcel
equivalents) not consumed by developments.

- Total land area: the number oc. parcels. -

Assessed value of land in millions: the property tax
base.

Assessed value of developments in millions: the
development tax base.

4

Average quality of life index: a measure across
classes of the people's average quality of life index.
The higher the index, the poorer the quality of life.
The indexes r,ay differ significantly within a jurisdiction,
but only averages are given here.

Number.of registered voters: the number of people
eligible to vote, from which the number who actually vote
are selected.
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Number in public adult education: the number of
people who wanted to participate in public adult education
programs and were able to do so because programs were
provided by their school departments.

Average educational level: by class, the average
educational level. This ranges from 0 to 100. The higher
a worker's educational level relative to those of other
workers, the greater his chances of being hired before the
others.

Number of workers receiving welfare: if a jurisdic-
tion does have a program for aid to the unemployed, this
number is the number of unemployed workers. The number is
zero if there are either no unemplo1,, workers or no
welfare program.

Student/teacher ratio: ratio of number of students
attending local public schools to number of teachers
employed by public schools. This is a factor when students
are allocated to public or private schools.

School_enrollmentl_the_numbex of students attending
local public schools and the number attending private
schools. Students attend private schools only if the
public schools in :.heir districts are inadequate.

Housing units: the number of levels of RA (single
family), RB (town house,-multiple dwellings), and RC
(high, rise) housing.

Vacancy rate: the ratio of existing housing space
to housing space occupied, expressed as a percent. A
negative rate means that housing is overcrowded.

Number of employed workers: the number of people
holding full-time jobs, by class of worker.

Number employed by type of employer: the number of
full-time workers employed by each type of business and
governmdnt employer.

Number of unemployed workers: by class, the number
of workers seeking full-time employment who were unable
to obtain jobs.

Unemployment rate (percent): by class, the number of
unemployed workers as a percent of the total number of
workers who sought fli117-time jobs -
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Earning distribution: the percent of workers
earning loss than $5,000, between $5,000, and $10,000, and
over $10,000 from full-time employment.

Transactions Uith the National Economy

Income from the national economy: federal-state aid
received, by type of aid, and income from both basic
industry sales of output and bus and rail sales of equip-
ment.

Sales to the national economy: federal-state taxes
paid, by type of tax, and purchases of goods, services,
and outside-owned land. The only Outside expenditure
which can be significantly controlled locally .is the
purchase of goods and services due to local insufficiency.

National economy business cycle: last round's ratio
to "typical incomeuper unit of output for basic industry,
interest rates on loans and bonds from the OLLside
(exprssed as percents), and the average rate of return on
outside investments (expressed as percents).

Summary_lnformatiOn-for-the Social Sector

Social Control Summary

This table shows, by class and jurisdiction, the
number of population units controlled by each social
decision-maker. A social decision-maker begins a game
controlling a certain number of Pl's in each class in each
jurisdiction (that number may be zero). The number of
Pl's which the decision-maker cc trols in subsequent
rounds is determined by the migtation process, which moves
Pl's into, out of, and within the 'simulated region in
response to both local and exogenous i,nflUences. The
migration process allocates people to housing; it does not
determine which social decision -- .makers control those
people. Before the start of a game, each parcel in the
simulated region is assigned a decision-maker for each of
the three social classes. When a class occupies a parcel,
it comes under the control of the decision-maker originally
assigned to that class on that parcel. The Social Decision-
Maker Map shows which teams control classes already living
on residence parcels. When a new class occupies a parcel,
its decision-maker appears on the map.

Social Control Summary (one table for each social
decision-maker)
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Figure.7.5

4**************************************************
TWOCITY

SOCIAL CONTROL SUMmARY TOTALS ROUND 2

***************************************************

JURISCICTION 1 JURISDTCTION 2

PH PM PL PH PM PL

AA C S4 0 0 0

RB
l

43 0 0 0 0 3

CC 0 20 0 25 0 0

00 0 0 1 0 3 1 51

EE 4S 2 0 14 1 0

FF 0 0 2 0 67 n

GG 36 0 0 42 10 0
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This table contains one row for each class on each
parcel controlled by the social decision-maker. The first
two columns show the residence parcel coordinates and the
class. Next is the average income for a household (family)
of that class living on that parcel. A household consists
of one full-time worker. The number of workers in a P1 of
each clasi and the typicalfull-time salary earned by a
worker in the class are shown on the Master Tables. In
almost all of the model's processes, all P1's in the same
class living on the same parcel are treated alike, -so the
average for a parcel is in effect the actual for a P1.

The fourth column contains the average sayings per
family :or the year. The figure is annual income less
annual expenditures, and does not include any savings or
dissavings from previous years.

The final column, total dissatisfaction, is the total
of all of the indexes measuring the effect of local con-
ditions on the population on the parcel. The higher the
dissatisfaction, the worse the conditions. The dissatis-
faction index is the quality of life index, whichis a
factor in the migration process.

Social Control Summary (two graphs for each social
decisionmaker)

The two graphs printed for each social decision-
maker show an historical comparison of two types of
information shown on the previously-described table: net
income and quality of life index. Whereas on the tables
information is given for each class on each parcel which
the decision-maker controls, the information on the graphs
is the average of all of the P1's in the same class con-
trolled by the decision-maker. The graphs show the
relative values of those items for the most recent ten
years. Each year has three columns on the graph, one for
low-income (L), one for middle-income (M), and one for
high-income (H). Round 1 is Year 5 on the graph, Round 2
is Year 6, and so on. After 6 rounds have been played
(years 5 through 10 on the graph); the data for the
earliest year are erased and only data for the most current
10 years are shown. Year 10 is always the most recent
round.

On the net income graph, the net income for each
class for each year is shown as a ratio to that class's
net income during the first year. first year is
always 1.00. Thus, although high-income P1's usually have
a. higher income than middle-income P1's, their incomes
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Figure 7.7a

Social Graphs for TeaMs: Relative Per Capita
Income by Class
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4:

Figure 7.7b

Social Graph for Teams: Quality of Life Index by
Class
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relative to previous years can be easily compared even
across classes.

If a decision-maker"does not control any Pl's in a
particular class during a year, that class's letter
prints on the bottom row of the graph.

The quality of life index graph shoWs each class's
average quality of life index as an absolute value, not
relative to a base year. Each class measures the factors
in the quality of life index differently, so there can be
little comparison between classes on this graph. The main
comparison is within a class between years.

3. Summary Information for the Economic Sector

Number of Levels of Econotic Activity Owned"by Teams

The table contains one row per economic team and one
column for each type of economic activity. Each entry in
the table is the number of levels of an activity controlled
by an economic team in the simulated reg 1. The last
column, UN, is the number of undeveloped _,rcels which the
team owns. The table provides a simple summary of how
economic decision authority is currently distributed. It
may be observed whether certain teams are specializing or
not, whether certain types of businesses exist at all in
the region, and in general, how much economic activity is
going on.

Economic Control Summary (one table per economic
decision-maker)

This table provides a simplified picture of the
status of each business and residence controlled by the
team. There is one row per economic activity. The first
two columns show the coordinates and type and lev 1 of
the activity.

The third column is the production idex, if the
activity is a business, or the occupancy rate, if the
activity is a residence. A residence's occupancy is
expressed as a percent of its capacity. A residence can
be occupied by to 120% of its capacity. The greater the
occupancy, the more income earned by the owner from rents.
A business's production index is a measure of its actual
output or capacity as a percent of its maximum output or
capacity. In the case of a basic industry, the index is
the number of units it actually produced as a percent of
its design capacity. The production index of a commercial
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Figure - 7.3.

*********************************************************************
TWOCITY

Ee0NOmIC CONTPOL_SUMMARY TFAM G ROUND ?
*******************************************************************

PARCEL
LOCATION ACTIVITY

PRODUCTION INDEX
OR

OCCUPANCY RATE NET INk

RATE
OF

RETURN

9822 RA 2 100 282496 19.289

10224 RA 4 117 764963 23.91v.

10026 R8 2 117 - 13566R -1.67%

9828 TE 1 100 23406766 13.00%

9630 PA I 96 77502504 32.91v.

9432 FO 1 100 68745011 29.899:
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establishment is its effective capacity (the amount which
it can adequately serve) to its design capacity. A pro-
d--lion index of 100 is the highest which a business can
have.

The fourth column, net income, is a business's total
income from sales or a residence's total income from rents,
less operating expenditures.

The last column, rate of return, is perhaps the most
information single indicator of an activity's status.
Rate of return is the income as a percent of the
development cost, and If a business is doing reasonably
well, it usually averages around 10-25%. A decision-maker
may use rates of return as guides for deciding which
activities to focus his attention on.

Further detail on rate of return is.contained in the
section describing, Economic Detailed Output.

Economic Control Summary (two graphs per economic
decision-maker)

The two graphs printed for each economic decision-
maker show an historical comparison of two types of
information: net worth and rate of return. Whereas net
worth is the team's total net worth (assets less liabil-
ities), the information on rate of return in the average
rate of return of all of the activities controlled by the
team. The graphs show the relative values of those items
for the most recent ten years. Round 1 is Year 5 on the
graph, Round 2 is Year 6, and so on. After 6 rounds have
been played (years 5 through 10 on the graph), the date for
the earliest year are erased and only data for the most
current 10 years are shown. Year 10 is always the most
recent round.

On the net worth graph, the team's net worth for each
year is shown as a ratio to its net worth in the first year.
The first year is always 1.00. The second graph shows the
team's average rate of return as an absolute percent, not
relative to a base year.
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Figure 7 .

Economic Grsaphs for Teams : lfet. .Warty
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Figure 7 . 6b

Economic Graphs for Teams: Rate of Return
h
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D. General Information

1. MIGRATION OUTPUT,

The first major computer- prboess_ in each round is-
migration. The program moves ,poptilatioh- uhits into,_

and out of the simulated region in tespohse_ to 'both- local
Conditions and exogenous- influences. The selection of which
pop_ulatioh units- move dath-yea2'- and :where- they chOOse+ lOusing
is entirely, controlled by the computer prOgrakr, although
rilaYek decisions greatly affect 'the: prodeSSic-

_

Most of the 16Cal condition Vhich-inflUehoe .migra-
tion are expressed as indexes -which ato ,-summed into. 'the twobic indexes used in :Migration-l- environmental indexes;,
_(measures of neighbOrhood quaiity), and _perS6,1.14
( MeasureS of personal: diSSatisfaction)%- 'h gzerJan index

the worse the qualityl a low-- -index. -3:444-ate-6 411.4.=.
.

tindeXes are rel;atiVe-, .neilet,.1?4n4f cginpareu; to. _ay
norm or even- aoros's, class's -:. tdr,

Part-el has Vitae environmental ir04.tetii= joke:: e:014

indexes'
indeke* 'Odd- A;Y:ith,140;:thet

ih-dexes added-td them)-,- only in. the tdie:#iOri _,of:
Local housing is rated o_ ec f

=environmental indexeS, the 'lowest- :and "the.
highest last. Tk' "there were, a ,great demand= =for. =:housing;,- even
the worst residences
were an excess of housi44,, !fi-o?;#0,- the

1:0.7est environmental indexes would,

The sum of A patadv_t -ehyikOhinehtai -indeje---aficv the
personiI indeX' of a- class' living. there is that iPO15A,ation

S quality of l'ife -indeX. The quaiAity,-,e;(f_ '1414 index
use_ to detertine which POPUlatic54-,tinfits ;'thaIrs,:hctiutih4'
tO find _better plaaeS to ._ A. random 'half-4f P* 'of

the population units with the highest quality of l=ife- Indexes
Within each class leave- their :housing:,

All of the indexes are calculated before any people
move. The migration output shows in detail the value Of each
Lctor in each index, and how' many population units moved
Where and for what reason.

Environmental Indexes

This section of output prints the value of each ,factor
in the environmental index for each residence-.parcel for
each claSs. The -parcels are listed according to where they.
are located on the board, the Order being frOm left to ,right
and top row to bottom row. The first column of thiS output
Contains the coordinateS of the residence parcel for which
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COMPONENTS OP THE QUALITY OF LITE INDE

Pollution Index
(I3ollution DistatisIa-ctiOn) :
Dependent upon -

_Quality -Rdt-irig)

Neighborhood Index

-0eperideiitAb'c5ii,
ticiipc,r;:9;c141,4tY

.

1ñdCx

Health inde*
(Health '0'4;0 4,:d-t#A-)

`be-penderyt,'UpOii-
; CitiliforCourit

Residential Crowding
MS Quii4 ty.

nine Index
(1531a-tighot-lion with
Time- Ai:Iodation.)
Dependent UPorr-

. Involuntary Time
Tearii-715Oketiori Time
Recreation Time

OhdIêx
(Personal

lbsat-Isfactioir)

S.
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the rest of the Information- in the .row- applies-. There-are.
'three rows, of information- printed f6teach residence parcel,
one rota` per class. The different classes weigh' some of the
factors in the environmental index_ differently.

The environmental _index is the sum -of thee,_p011tition
index and the neighborhood index. Tn p011UtiOn index _is
derived from the surface water quality -on .a residence-parcelor, if the -pEirael does, not contain surface-Vater:,__from thequality on bordering, parcels. This_, ihdix is the f46t9t
in the environmental indeX which can --be_ !negatiVet-tgaiddlocal,
water quality adds= to a- residence perCel-g-'attraCtivenesg-.
The index has the same :value for all three- classes.

-

-The. neighborhood: indeX sei:iera:1, 'indexes::
residence qUality.,. 4rent, --MuniCiPai.;Ser0:ce,quWtr,-;---Sc6O21-
quality, loCal tax rateg:, and .,.

RESt-OENdE atAtitt: .regidefite.-,:CW:ner:-_40.terifii:rie.'g.-the,
-residenCo "S initial, 444y-
Residendee, urflike,:a4._:Other
.a- quality'legt.than, 100 Ares aence ua31i't index .of =5'0
does not mean ,that. the, _regiden6e,
dOet mean that the -regidende-Wa*.eitherj.--,,bUiiltn.16re,-YChe4ply
than residences With ;nigher' qUal:itY-inde*legt.OV-;--nOt.-,Maintained-
t a higher quality._

by the different Claggeg4
are not quite as deman#ngh-of
are. To deriVe the vallie-__.Of .regidefibeft-
qualitY from .100 _fOri--.,hinColifel- from

for :middie,-incOMe4- "and ;'f-rOM.'-7 9- tor-. ,-.346Oriie:::-Tne higher
a residence's qUalitY index, the _legg-,Valbe faCto-r.-rhag:..

RENT.: A residence owner" algo--sett the =rent -charged; at.
the reSidence. The different -ClaggeSi-eValikate:.4,regirdence"ig-
rent 'differently. _The. simulated

Tables for
--rent

--for each el;7.ga .(See the -Matter 'taic4es --kok --A0-#--eXatt.lues) .

The typidai rent is Subtracted andmultip:4o by 'a-weighting factor. The' 'Weight 16r, 'high:-4nCOMe _-is. 1, for ,middle- income 2, and for !Nis,
low - income group ,puts _a greeter 'weight on =rent deviation
from its typical than high-,,inoOine does. -k_

MS: The Municipal Services Department constructs and
operates MS units. The quality., of a municipal .service unit
is measured use index. An MS use index can range
in value from 0 to :260. An index of. -100 indicates most
efficient service. An index legs ,than 100_ indicates adequate
but underused CapaCitY and an index over 100 indicates Over-
use of services. For the nieghborhood index, 100 points are
subtracted from the use index Of the MS unit serving the MS
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district in which a residence parcel is located. If the use
index is 100 or less, the factor in the neighborhood index
is zero. Only a use index over 100 'contributes to the neigh-
borhood index.

SCHOOL The SChool Department constructs arid operates
school units. School quality is also - measured as a use index.
Again, 100 pbints are subtraCted from the use indeX-of the
school serving the schobldistrict in whicha residence par-
cel is located. Only a school -use index-over 100 Contributes
to the neighborhood index.

WELFARE OR TAXES t EOth-welfare-,rateS and tax rates -are
set by a Chairman for a whole-juriOdictiOni so tnotk factord
Contribute to which jUrisdiCtibri.:aliOPUlatiori unit: selects
housincj in All of the other-faCtOrS_iri therieighrhO64
index. are more localit06-:affeCted-,13y'_COnditiOri_indiq=
dUal residential parcels. or SChbol ork dketftcte. ,

Low - income only t:1"1.0*010.
these 646-1.0dal,OVekfiffienti014- :#.bt-t-1101e.i0b0:0*(4-
index for loW-!=income, A_pOint.:i0ddedfor4-40h7$2hiCK,
th-e welfare-paytent-petAineMPlOY,ed0Orisag is_ less than '$20.00
Middle and high-income -gtOupSdonSider only lOCal.-taX-rateS,
For the neighborhood indeX-,Apha-40Urtli-POirit,.iS:added-fOr-
each tenth Of a percent resident 4660;,--ar4,e#videe
tax rate and one,-eighth-OT a P-Oirit'iSaddadfOt -each-11111
land and developments 'tax rate,

- *

The last coluMn of thiS output is the erivitonMen---
, ,

tal index, the sum of the poll'ution index and= 'the ilei.jbbeit;-.
hbod index.

Personal Indexes

This outptt prints, for each claSS liiring on eaCh par-
del_r the value of each factor in the personal' index-. Unlike
environmental indexet, perSonal-indexas are calculated only
for _classes'already living-on-residence parcels. A pOpula-
tion group's personal index is added to the environmental
index for its class on its residence parcel, resulting in
its vality of life index, the relative value of which
affec:s whether the population units will move.-

'A class's health index is the sum of the values derived
from three sources: municipal service quality, residential
crowding, and the amount of coliform bacteria in the nearby
surface water. The maximum value of the health index is
100.
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MS EFFECT: The value of the MS faCtor in the envirow-
mental index is divided by four for its value _in the _health
index. .

,CROWDING EFFECT: A residence can_'be occupied -up -to: 120%

of its constructed capacity-4 -,For each percent which it is
overcrowded (over 10.0% occupied) 1.2 pointsar_e, added to the
health index

BACTERIA_EFFECT: The -concentration- 'off .0 011fOkb.-bacteriat
in-the surface water on a parcel affeOtS_'tneinealth_ index of

. that parcel- and adjoining parcel A 04t04_,_44-"joifris- a sur-

face water parcel if any its corners ; tOiiChek.a.,-SUrface
water parcel' s co ner The coillorM -count on a_liakoet:tirilic4
adjoins a stirface, water parcel i 4- :the'rtitgieSt-=Obiint- of all
Of the surface water parcels which
a parcel's health index,_ the ,C011ito*::coili-it-4.0:-.4-irVided:0 4
and can have -a maximum -value Of 50 points 4

4- 1

The other faCtorS in the personal index rëf1ct a gasSTSf
time allocation and gUa;1:itY of publiâ recreation facilitié's.

TRANSPORTATION TIME The :tifite,-;'Skent-,trAVAliri; to,-*fokk, 4 _

is averagedi for -a class on a parakl for the purposes of allo-
cating the rest of their time.
which population units in the same class livf- ng ontM r-same
parcel do not perform as a group Thus, each opu1atic'

unit- could be working at a differeritiefrAPIOirmeht_i.oCati( nd
Spending a different amount of time getting there. toz h

average time unit spent In traiiePortatiOh, Ztsti-iao-kk in the
previous 'round, five points _a*-6 added'to -tlidf:4? dr L index.

RECREATION,: Social, dediSioakers-.,aliOcate &ime to ,

recreation, and that time is Subtraated- fro-M--:ttria _personal
index. However, the sufficiency of local parkS-iraff--eo_tS the
number of points which are subtracted. -Park -aaacN'aoy: is
measured in a use index like -Sdliocil IT the,

use index of the most overused -park within a two-parcel
radius is over 100,, the percent of the 'points : subtracted from
the personal index due to recreation 115 decreased. : The
number printed here is the number of points =stifitrabte:d _after
recreation time has been adjusted ,for the park uSe'

INVOLUNTARY TIME: The time which .a _sOcial decision
Maker allocated to various activities and which thepOpula-
tiori units were unable to spend in those activities is
involuntary allocation' of tithe.. For ,ekarttpie, if the decision-
Maker ,allodated- 25 time units -to extra work and, due to a
limited number of part-time jobs, the population units were
only able to spend 10 time units in part-time work, 15 points
votild be added to involuntary time.
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Dissatisfaction Cutoffs

'A random half of the 20% of the population units in thesimulated region having the highest personal indexes are selec-ted to seek better housing (housing with a lower renvironmental*index than their current housinig). The top row of this outputshows, by class, the Personal index Value !below Which 80% ofthe, population, falls and above which '20% of the populationfalls.7,-:.A7population unit with a- personal index above therelevant dissatisfaction cutoff has a 50-50 chance of -beingselected for moving due to diSsatisfactiOn-.
The rest of this output has Ole- ,tOw per- j.OriS.dictiOn.and-one column per class showing the number of Pl:!_s,-'of the -classinitially in the jurisdiction is jurisdictionone and the bottom row is jurisdiction three:

: . ' l'. - .. _,.._

Migration Detail
I /

There are .reasOnS-16ther. than-,_ditSat-i-SfaCtiOn:: fórwhiôh
a Population unit 'Might 'move ' Olitot,-..:i;t041604.0::_ ,4.., #ii,(44.--percentage. -Of all unemployed afia- underemployed population
-units automatically leave- their -hOUSinet,;and::fitoV.:6- tO, itlie";-
-OUtSide, system, i-. e..-_,; -,they -.0.4' the -:*sl.mgatecl,,,req;iotOehaq-
disappear. , In addition, .poPuratiOn.l.initSiiiaya' i0iie:-.0er--4-
otmid-ed houSing, (hoti3-inqa:,-6Ver 00%, ti-C-IcitiPie0,-,,; 4stia11:y ,due' _to-partial or total residential _demolition-: ---thOse_.=4fsiga6-ed
-P1'-s seek local housing and leave 0-6---sythtpittr.o:ply if.Ahey
are unable. to find acceptable -hoUsing7.,*-.. ,Another ' fiXed. per.--

,centage of each _Class-'0' ,.pOpul-ation.-4nits_:are:ChoSen:randatttly
to seek. )?,etter housing ._ ,These Pk' 0,..,tO§dthe* With the, P1's
seeking. housing, -because they were., :tli_eMOst-dA-thatisfied--,-
leave the' system if they Cannot, find acCeptableTiOuSingtwith
-a nelqiiporhood-,inclex,:b64.oui that of their direViolis- .iieuSing,.

a._

-Besides local mover's"! a--.Iperdent -Of -the, loCalipOpUlation
in each class comes *from, the Outside to ,Seek -hoUSing. This
group represents natural, population growth.o. --AnOther groupof P1's seeks local housing in response t6 16dal ,employment
opportunities. -These two types of Mover's; leave the local
system only lif -they cannot find acceptable housing. a'

The migration detail output-shows,_ for each--residenceparcel, the reSidende, owner,, the odial decision-maker con-=,trolling each Class there after the migration prooess
has run, the number of P1's in each class living the're after*
the migration, process, the quality, of life index for thatclass (this prints zero if the class was not living on the
parcel in the previous round) , the number of P1's WhO moved
to or, from the parcel 'during the migration process, where
theycame from or went to, their reason for moving and thelocation of their employer.

*Acceptable housing is housing with a quality index ranging
from 20 to 70 for low, 40 to 100 for middle, and 7

1

to 100for high. -
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When the location given for origin or destination .of agroup is zero, the group came from.or 'went to the Outside
system. New in-migrants or natural growth migrants always
have employment locations of 0. Of these two types of movers,any who cannot find acceptable local housing. are not shownan this output.

Migration Statistics

This output is a summary which shows-;- by classn.and.juris-.diction, the original .population;. TAMber of in-Migrahts
from the Outside system, the*inMigtation:trOm-Other juritdic-ticinsv the in7,migration due to natural g4iolti-9-4
the outmigratioh to the' Outside system, the 50tmigration toother jurisdictions, the migratidh totally Within each Juris,.diction, and the final Population. All nuMberSareexptessed

.

Migration -By Type

This SuMM-ary output showS, by blass--and,tiy-ju-OsdiCtion
the number of. Pl's who, moved for each reason from each juris-
diction, (including Outside), td.ean rther jurisdiction:-
;Shown here is tfie total number of PL'S the,,OutSide*whoremained Outside 'due to local housinvinsuffidi'eridy. They'are indicated as having come 'from Outside and gbhe to Outside.
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Figure 1.5

MIGRATION STATISTICS
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2. WATER SYSTE7.1 uuTeuT

Water User Effluent Content

Economic activities municipal sewer systems, and,farms
dump effluent into the surface water. All businesses except
surface water users dump theireffluent into tUniciPal sys-
tems, which then can treat some or all of the effluent to
vai7ying degrees. This Section of the-output shows-in detail
the pollution generated by "each farm and economic activity.
If a baSic industry has a treatment piant_c the amount of
pollution printed is the pollution remaining in "the effluent
after treatment*. IndustrieS can recycle some water if,e5

100%), which decreases the amount of water in the `effluent
but not the amount of pollution in- the eiflueht,

The amount of each p011utant is expressed,bn this output
as 100 times its actual val4e, -The! Pc.44,titiori.hee.:i4,1ot-
measured in*its COnbentration.per '1*(41_0 it:A:s!Ap0i4eCVat.
sampling stations. The It011utionS,'-atOtal.,:.1y.te--,Of15.611u-7 .

tent in the effluent. Theamot#It Of-effluent iS;:alSO,eXpretsed
as 100 times'itSactUal 'Value.- x.

Oil and flOating andlligh'leVel,WasteS-are
-sented sOmeWhat differently from hte other. PollqtantS,- They
are either present in 'the effluent or "not; they ae",libt-
measured in volume or concentration. A zero indibateS thgt
the pollutant is, absent and a one indiCate6,that the, pollu
tant is present.

For a fart parcel, two ,rOws,are Printed,. The first
shows the location of the farm 'parcel-and its type. The
second shows the location of the 'parcefijn -Which"the farm
parcel's runoff flows, the type:of fart dumping on that par-
cel, and the volume of pollutants and, water being dumped
therefrom the farm parcel. .

River Quality'During_Surface Water PrOceSs

This output shows the amount of pollution present on a
parcel during all stages of the" surface water process. A
surface water parcel is part Of'a river. The beginning of
a river is defined as a pardel having surface water and on
'which either no other parcel's surface water dumps or two or
more parcels' surface waters dump. The last parcel in a
river is .a parcel that either dumps on no parcel or dumps on
a parcel on which two or more parcels dump:

The parcels are listed in the order in which they are
processed, i.e., in sequential order of upStream'to down-
stream for each river. The various stages through which
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water is processed are grouped together for a single parcel.
The water quality is expressed by a two-digit code, the first
digit of which represents the water quality category and the
second of which represents the first pollutant type which
'placed the water quality in that category (1=BOD, 2=Chlarides,etc.). The volumes of the first five pollutant types are
expressed as 100 times their actual values.

The values printed for the last two pollutant types, oil
and floating solids and high level wastes, are their "ages".
Each of these pollutants disappears from-the river water after
travelling:five parcelsdown the river. Whenever two: rivers
meet or effluent :is dumped ihto tile surface water, the "age"
of that pollutant in the surface water becomes. the "age" ofthe youngest source of that polfUtant. So, if the surface
water had high level wastes age 4 and high levei'wastes were
dumped on the parcel, the new age of that pollutant would be1.

t For each parcel, the pollutaht_Content:ohe,*ater.is
given for five different'stageS,.

The:-kitdt, *11,1*R.lAGING"',
showt no difference in pollutant tohtehtlrot- le previous
patcel except for the ages of oil =floating_` and
high level wastes. Their ages are inctemented%by_ohe (ifthe previous age was not-zero) until theY are greater than

in which case they ditappear frot the river and.betomeage zero. The volume of Water is.the.volume of, surface
water on the parcel.

"BEFORE /AO CHANGE" is the amount ofliollution.in the
surface water after Water had been removed by any - intake on
the =parcel. When water is removed frot a parcel, the pollu-
tion in that water is also removed. So, if One third of
the water on a_parcel were removed, one third of the pellu-tion would also be removed. Only oil and floating solids
and high level wastes are unaffected when water isremoved.
The Volume of water printed on this line is the volume
remaining in the surface watrJr after any water is removed.

After water is removed from the surface water, the
remaining pollution undergoes a biodegration process. The
third line, "AFTER BIO CHANGE", shows the amount of pollu-
tion in the river after that decay process.

Water is dumped on parcels containing municipal outflowpoints, basic industry surface water users, and agriculturalrunoff points. The total amount of pollution added to the
surface water on a parcel is the fourth line, "EFFLUENTADDED". That pollution is added,together- with the pollution
remaining in the river after biodegradation, and the result
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is moved to the next parcel in the river. The total amount
of pollution leaving a parcel is shown on the fifth line,
."MOVED TO NEXT PARCEL".

For those parcels on which municipal intake points are
located, the program prints the utility district code number
and amount of water removed by the district on a line between
"AFTER AGING" and "BEFORE BIO cuANcr. The amount of water
printed is shown as 100 times its actual value.

Water User Costs and Consumption

All water users except farms can incur costs related to
water. The types of possible expendituret vary by the-type
of water user.. Prices paid by municipal, water users purchas-
ing locally are set by jurisdiction and by type of =user.

One cost for use of water can be .incurred By any water
user: if a water user cannot its-neededwater
from its normal source; ;it ,automatically purchases =-the retain,-
der from the Outside at the Outside _price-per'Unit-iOf-water.-
Actually the Outside pftce dOeS not- necesSatily 4terally
represent'a purchase from sourdes outside -of .ihd,Simulated-
region; it merely represents a higher cost to a.water User
to obtain or prodess-itt requited water: Regafdless of how
a business obtains its water requirement, it dutpt all of its
effluent into a municipal system, or if it isa surface water
user, into the surface water on its parcel.

A municipal water user obtains all Of its needed water
from its municipal system unless: 1) the total amount of water
attempted removed by surface watE: users (municipal.intake
points or surface water using basic induttries) from the
parcel on which its municipal intake point is.located is
greater than the amount of water on the parcel; 2) the water
quality, on the parcel.on which its municipal intake point is
located is 9; 3) the intake treatment plant of its municipal
system has the capacity to process less than the total water
requirement of the municipal system's water users. In the
second case, no water .users supplied by the municipal system
receive municipal water; all purchase from the Outside. In
the first and third cases each water user receives a share
of the municipally- supplied water proportionate to its needs.
If both the first and third cases obtain, the lesser amount
is removed from the surface water and treated. A business
pays the local price set for its business type for that pro-
portion of its annual requirement which is supplied locally
and pays the Outside price for that proportion which is not
supplied locally.
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A surface water user obtains all of its needed water from
the surface' water unless: 1) the surface water quality is 9;
2) the total amount of water attempted removed from the parcel
by itself and any municipal intake points located on the par-
cel is greater than the amount of water on the parcel. In
the first case the industry buys all of its water from the
Outside at the Outside price per unit of water. In the second
case, the industry receives from the surface water an amount
proportionate to its requirement and buys the remainder from
the Outside.

On this output, the number printed under AMOUNT REQUIRED
is the water user's daily water reqUirement: The AMOUNT
OBTAINED is the amount of water obtained frezh the water user's
normal source of water. The annual donSumptiOri'iS a function
of the activity's type, 'level, and, in the case -of basic
industries, amount of recycling. The annual water cost is the
to tal cost which t.heactivity pays ior water in that round.
A surface water user which obtains all of.it$ water from the
surface water has zero cost .here.

Only surface water using -basic indUstries can incur recy-
cling, intake treatment, and outflow treatment costs. A bus,-
iness's recycling cost is a functiOn of its amount of recycling
and its normal water requirement, Its intake treatment cost
has an additional variation for the quality Of the intake
water before 'it is processed. Outflow treatment costs vary"
by the industry'S voltme of effluent and the type of treat
merit provided. All three costs are shown on this output as
total annual costs.

Coliform and Pollution :%dex Values (Map)

The coliform concentration in the Surface water on a
parcel affects the health index of that parcel and adjoining
parcels. A parcel adjoins a surface water parcel if any of
its corners touches a surface water parcels corner. The
coliform count on a parcel which adjoins a surface water
parcel is the highest count of all of the surface water
parcels which it adjoins. When used in a parcel's health
index, the conform count is divided by 4 and can have a
maximum value of 50.

A parcel's pollution index contributes to its environ-
mental index. It is one of two indexes in the model which can be
negative; good water quality contributes to the desirability'
of surface water parcels and bordering parcels. For a parcel
containing surface water, the pollution index is:

(W-3.5) s3
where W is the surface water quality rating.
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The pollution index of a parcel bordering a surface water
parcel on a full side is half of the average pollution indexes
of the surface water parcels which it borders.

Pollution indexes are Calculated for lake parcels and
parcels bordering lake parcels. Since the concentration of
individual pollutants is never specified for lake parcels,
there are no coliform countsfor them.
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3. EiPLOYMENT OUTPUT

The Full -Time Employment and Transportation Processes

The employment allocation procesS is run,Soon after
the migration process. The number Of workers living at
each residence location is the number resulting from migra-
tion. Unlike the migration process, the empleytherit process
operates on all Pl's;-each P1 reconsiders all job openirigs
each round. A whole P1 is_hired_at a time; there is no,
smaller unit in employment than a P1, even though a Pl iS
composed of many workers.

The factors involved in the matchingJDf workerS with
jobs are each ,employer's salary offerings (Salaries are
set by class; one Salary-offered to each,claSS)=_; the-trans-
portation costs for workers to get-to employment le-datiOns
the workers' relative education levels, the,riUMber-of job
openings in eaerclasS, where workers -were eMpleyed.7inithe
previous round, and where workers :are beYeetiri4jOb'eperiing0._

,

In.general,_if there are-fewer workers ,than
employers offering the lowest salarieS or leCated-lartheSt,
from residences do not reCeiverall of their nedded:-eMployees
and suffer production losses. Likewise; if there 4re Mote
workers than jobs, those workers with the loWett-edudatiori
leVels or located farthest from.-jobs -are unable to find
employment.

The process-operates on one diasS at a-time, high - income
first and low-income last. Any high income werkerS who
cannot find jobs are first to be considered_ for Middie!r-
income jobs, and any middle-ince-me Workers who cannot find
middle-income jobg are the'first to.be cOnsidered
income jobs. Thus, unemployment -fends to be ,pushed toward
the lower classes, although that,is.not always the case.

The ,first part of the employment process is the-Selec-
tion of the least cost route from each claSS living on a
residence parcel to each employment location. When a ,Pop-
ulation group selects a least cost route, it evaluates both
the time (dollar value of time) and actual dollar cost of
each mode and route. Modal usage is also a factor, since
overcrowded modal usage causes delay in time. The workers
perceive the previous round's mode and, route usage. Each
class is willing to pay up to a fixed percent of, the income
which it would earn at a job LI order to get to the job.

After the least cost route has been selected from each
P1's residence to each employment location, each P1 applies
for the job which nets it the greatest amount of money
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(salary offered less the transportation cost to get there).
A P1 perceives a somewhat higher salary at its previous, job
than is actually offered there. If the net income which
the P1 would receive at its old job is perceived to be
highest, the.P1 takes its old job back and looks no further.
A P1 does not even consider taking a job which it is boy-
cotting.

After all P1's who find_their Old'jobs to be their
best jobs have taken their old jobs, the remaining g-P14s
seeking employment compete for jobs on. the basis-Of their
educational levels. Of_the applicants for:remaining job _

openings, an employer selects those with the higheStedtca=
tion levels first. Those P1's who are-not hired fc,* their
best jobs then seek employment at their _next,bett jobs. The
process is repeated until either all Of the'job openings in
the class nave been filled or=all of the theidlast
haVe been hired: There' is one tpd-WexcePtion--to-the'
latter case:' a P1 whioh.oannot _find its max,--
ittlmtransportaticin range remaiilS unehOloYed.

The employment procets-then _Operates on the' no4 1OWer
class,, any frOm the previous class -being the first_

.considered fOr jobt.

After the employment prodess has-been run for all
three classes, trantportation routes zuld congestion are
recalculated using the origins and-destinations created
in the employment process. All classei are assigned simul-
taneously to the least cost routes in timeand moneyfrom
their residences to their jabs, considering the Oreviout
round's usage of modes and routes. If there are any greA
changes in congestion between toUnd6 after ;all have been
assigned routes, the transportation process is run "again,
considering the new usage-. The proceta is rePeated-uhtil
there is no great change in congestion betweehtWo suCces-
sive.iterations. P1's pay only the final actual dollar,
cost to travel; the time dollar-cost is used for `route
allocation only.

The Full-Time Employment and Transportation Output

Detailed employment information prints for each class,
low-class'first and high-income last. Within a single class's
output all of the information pertaining to those of the
class living on the same residence parcel is printed together.
The order'in which the information for each parcel is printed
is from left to right, top to bottom across the board.

The first column contains the coordinates of the resi-
dence parcel. The next column contains the location of
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each employer for which P1's in the class on the parcel work.
The first row always shows the number of P1's who are unem-
ployed on the parcel. For each other row, the output shows
the number of P1's working at the employment location, the
salary earned per worker, the total number of time units
spent traveling to work, the total automobile cost paid
per worker, the total bus cost paid per worker, the total
rail Cost paid per worker, and the route and mode's which
the population units take to work. All Pl's.of the same

class living on the same residence parcel and,working for
the same employer take the same route and modes. The route
printed is traced from employment location to residence loca-
tion. The intersection at the start of travel, the inter-
sections passed, the intersection at which a new mode is
used, and the last intersection "(.that of the residence parcel.)
are listed in order. An intersection is a four or five digit
number which May be preceded by a bus or rail route numb;r if
the P1 got off :the bus' or "rail' system at that intersection.

Next to some employMent locations are parentheses con -
taining the name of a gOVernMent-departMenf,or the notation
'FSE'. kgovernmeht department haS a-parcel 'designated as
its employment .center.' That parcel does not necessarily
have government activity on it.it-is-merelY- used as a cen-
tral hiring location becauge although a deparfMent can have
facilities on several pareels, it hireS*centkally as a
whole. The letters 'FSE' denote Federal-state employment
centers such as state, departments and- federal installations.
FSE is a-datch==all cate4Oryfor_Misell.aneous local employ-
Ment. An FSE only hires; it has none-of the 'Other charab-
teristics of a business or local governtent department.

The Part-Time Employment Procesg

A social decision-maker can allocate time units for
his population units to spend in part-time work. "Social
decision - makers realize that, their population units seldom
receive all the extra work for-which time was allocated.
As with the full-time employment Allocation process, the
P1's educational level is the most important factor in the
assignment of part-time work units to extra work time allo-
cation.

The supply of part-time work units, eighty of which

are equivalent to one.full-time job, is primarily determined
by the levels, of business activity in the system. Each
business type has a fixed number of time units of part-time
work for each class for each level of operation. In addi-
tion, a variable number of part-time work units (jobs) is
provided by the School Department.
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The school department in each jurisdiction provides
public adult education according to the number of middle
and high-income part-time work units it hires. This speci-
fication obviously can flubtuate considerably round-to-round.

Two lists -- one supply of and the other demand for
part-time work units -- are created for each population
class. The suppliers of part-time work units are ordered
by the salary offered (proportional to full -time wage
offered) with the highest salary placed first. Each entry
on this lis.t contains a location, a full,-time,safarY per
worker, and an amount of part-time work units available.

Each entry in the demand for units list is comprised
of a'residenCe group for which allowed time foi. extra work
as defined by a parcel locatiOn, an average education level,
and an average time allocation for extra work. * The number
of P1's in each group is the final item of information.
This list is ordered On the basis of average education
level with the highest levels first.

For each complete pass through the list of residence,
groups, the part-time work allOcation procets attempts to
assign by claSs ten, units of extra work to each population
unit which has an unfilled extra work allocation. ,The
procest continues until either all requests (unfilled allo-
cations) are filled or until the sdpply,pf part-time work
units is exhausted.

First, the residence group at the top of the list
(i.e., the one with the highest education level of, those
groups who have not yet been assigned work in that particu-
lar pass) is examined. The number of P1's is multiplied
either by ten or by a figure less than ten (if there are
less than ten unfilled extra work time allocation units
remaining) in order to obtain the group's request for part-
time work units. For example, assume in the first pass
that 6 PH's at 10026 have the highest education level and
that the social decision-maker allocated 25 time units to
extra work for each PH. The total demand for units of this
group in the first pass is sixty (60). These population
units will have their employment request of sixty part-time
units met before any other high-income population units
are considered.

*Pl's of the same class who live on the same parcel. Each
P1 so grouped has averaged, and thus identical, characteris-
tics such as education_level and tiMe allocated for extra
work.
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Once the request is determined, the job supply list is
examined. For each potential work location, a shadow auto-
mobile transportation cost per worker is calculated. This
value is subtracted from the salary per worker to obtain a
net income per worker which is used to determine the.best
job. Units from this best job are assigned to -'the residence
group up to the amount of their request. If that particular
job has an insufficient supply of pert-time units available,
the remainder of the request mutt be met by the second best
job, and so on.

After the job.units are assigned to the particular
residence group, their per P1 unfilled extra work time
allocation units are decremented by ten (or the figure less

than" ten) and they are- placed at the bottoM of the-residence
group list. Of course, if the residence then has no more
units to be filled, they are dropped from further consider-
ation.

Subsequently, a different residence group appears at
the top of the list and the assignment process proceeds in
the identical fashion. This continues until either of the
two mentioned termination criteria are reached. High-income
population units may not-be assigned- middle or low-incothe
part-time jobs, nor- may middle take low or high; and so
forth. Within an income class, the only case in which a-P1
would receive a part-time job-before another P1 with a
higher education level is the case in which' the latter's
shadow transportation cost exceeded the remuneration expected
from the particular job.

Note: The route which a P1 takes to a part-time job is
the least-cost route, but road congestion is not a factor,
and auto is the only mode allowed. The costs used in part-
time job and route selection are the peak-hour transporta-
tion parameters, but a P1 pays a dollar cost and spends an
amount of time travelling proportional to the number of
time units spent in part-time work. For example, if a P1
spends 20 time units at a job to which the least full-time
transportation cost is $200 and 4 time units, the P1 is
charged 20/80 of those amounts, or $50 and 1 time unit.

The base auto cost used in the trip to full-time
employment is used as a base cost in part-time employment,
so a P1 alto pays a portion of that base cost to get to
part-time work.
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The Part-Time Employment Output

One output is printed for each class, high-income first
and low-income last. The first column shows the coordinates'
of the residence parcel. The second shows the, location of
one employer for whom the class on the parcel has been
assigned part-time work. The location 'ADEW. indicates that
the class is working for a School Department's adult edUca-
tion program. The third column is the total number of part-
tim work units which the class on the parcel is filling at
the employment location. The fourth contains. the full-time
salary offered per worker at the employment location. Since'
a full.L.time job'is equivalent to 80 time units in part -time
work, a class which filled 6Q time units at a patticular
employer would receive 60/80 of the total salary paid' to a
P1 in its class working there full-time.
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Figuie III 3.4
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Employment Summary

This shows overall employment statistics for the simu-
lated region. The list includes the following summary infor-
mation-foreach class: the number of residence parcels
occupied by the class; the number of P1's employed in jobs
of their own class; the number of Plts taking jobs in the
next lower class; the number of unemployed P1's; the total
number of P1's in.the class living in the simulated region;
the total number of part-time units worked by the class;
and the number of job openings for the class which were left
unfilled.

This output is the single most useful section of the
employment output for an observer to use in quickly evalua-
ting the local employment situation.

Employment Centers

This output lists information concerning Federal-state
employers and the locations of local government employment
centers. The director specifies where Federal-state em-
ployers are located, how many P1's they attempt to,hir, and
the salaries they offer. This output shows that information
Ilnd the number.of jobs which were actually filled at each
Federal-state employment location.

The director can also designate locations from which a
Ilocal government department hires. If the director does

not designate a parcel as a departnent's employment center,
that department has the whole region as its hiring location.
That is, a prospective employee has no location to which
to travel for work. An employee's transportation time and
dollar cost is the average automobile time and dollar for
workers in the region. He does not contribute to road
usage because he has no specific destination.
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4.. COMMERCIAL OUTPUT .

The Commercial Allodation Process

All people and businesses and two government departmen's
purchase goods and services each round in order to function.
People and residence owners (for residential maintenance)
purchase from Personal Goods (PG) and Personal Services (PS)

establishments; businesses, schools, and municipal services
purchase from Business Goods (BG) and Business Services (BS)
establishments. The procedures for allocation of PG and
PS buyers to sellers are identical. The procedures for
allocation of BG and BS buyers to sellers are similar to
the PG and PS allocation and identical to each other. The
computer program performs the entire allocation process,
but is affected by player decisions.

Each 'user of goods and services requires a certain num-
ber of consumption units. A .consumption unit is an expres-
sion which represents a quantity to_be purchased, regardless
of what items in reality comprise that quantity. The quan-
tity of goods or services which a seller can provide is also
expressed as a certain number of consumption units. Each
seller of goods or services sets a price which must be paid
for each consumption unit purchased at his commercial esta-
blishment. Usually PG and PS prices are similar and BG and
BS prices are similar. The quantity which each buyer of
goods and services must obtain is indirectly derived from
player decisions by the computer prograffi. The program
relates the local supply to that demand in the commercial
allocation process, which simulates the decision of each
buyer as to where it will purchase its required gogds and
services.

Th-e-PG=PS allocation process is run before the BG-BS
allocation process. A description of PG allocation suffices
as a PS description.

The buyers of PG are each class living on each residence
parcel and each residence unit incurring maintenance. VI's
buy for themselves to live; residence owners buy goods for
maintenance only. All of the same class living on the same
residence parcel purchase at the same PG; a residence owner
buys all of a single residence parspl's maintenance at the
same PG.

Each buyer of PG attempts to purchase from the PG
establishment at which it can obtain its goods most cheaply.
The buyer's cost per consumption unit (CU) is the cost per
CU at the establishment plus the least transportation cost
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per CU to get from the buyer's location to the establishment.
There are two additional factors in a buyer's perception of

a seller's price. One is the buyer's bias toward shopping
where it shopped in the previous round. The other
buyer's bias against shopping at an establishment which was
overused in the previous round, i.e., an establishment at
which more CU's were sold than the establishment 'could ade-

quately provide. There is no absolute limit on the amount
which a PG can sell, but as it sells more than its effective
capacity to provide, its service deteriorates.

Each buyer selects the PG establishment at which it
incurs the least perceived total cost. A buyer does not
even consider selecting a PG which it is boycotting. All
buyers choose simultaneously, and then reevaluate their
selections in light of the new usage. The evaluation pro-
cess is repeated until no commercial establishment changes
its usage on two successive reevaluations. The cost which
a buyer pays is the actual price at the PG which it selects
and the actual least transportation Cost to get to that PG.

There Is one competitor for local PG'establishments:
the Outside. The Outside is treated the same as any other
PG in the allocation process, but its price is higher than
the typical ideal price (see Master Tables for Outside prices
and typical local prices). There is, however, no'transpor--
tation cost to shop Outside, and no crowding effect. A PG
buyer purchases Outside if the Outside price is less than
its least perceived local cost to shop. The Outside has
unlimited capacity.

Output

There are four main parts to the commercial output:

PERSONAL GOODS ALLOCATION SUMMARY
PERSONAL SERVICES ALLOCATION SUMMARY
BUSINESS GOODS ALLOCATION SUMMARY
BUSINESS SERVICES ALLOCATION SUMMARY

Again, an explanation'of PG applies, to a great extent,
to the other allocations.

The first section concerns PG establishments. Each PG

has a code number. The Outside is always code number one.
In the row beside the code number are the location of the
PG, its owner, development level, effective capacity (in
CU's), the number of CU's sold, the price charged per CU,
and the PG's gross income (price per CU times CU's sold).

The Outside has no owner, level, or capacity.
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The second section provides detail on all purchases of
PG. The table contains one row for each purchaser of PG.
The list is ordered by residence parcel location, from left
to right and top to bottom across the board. I?or a single
parcel, the list is in order of residence, low-income,
middle-income, high-income. The first column contains the
code number of the PG at which the buyer is shopping.. The
second column contains the coordinates of the residence
parcel and the third identifies the type of buyer on the
residence parcel (RA, RB, RC, LOW, MIA, for HIGH). Next is
a single letter identifying the decision-maker controlling
the residence or class. For a residence, the letter denotes
an economic decision-maker; for a class, the letter denotes
a social decision-maker.

The number of consumption units which the buyer has
obtained is the fifth item. of information. The_. number of
CU's required is calculatedly the program but is affected
by.player decisions. The calculations are different for
residential maintenance than. for Plib-. A residence depre-
ciates each round in response to several factors:- normal
depreciation (fixed), quality of local municipal services,
sufficiency of local water for fire protection, and floods.
Only the normal depreciation is not responsive to local
conditions. As a residence depreciates,,it beComes less
attractive to.people-seeking housing. A residende owner can
offset depreciation by setting a maintenance level for the
residence. When the residence depreciates below that main -.'
tenance level, the program automatically calculates the
number of PG and PS units required to restore the residence
to the' maintenance leYel. The values of the factors which
affect depreciation and the number of PG and PS units required
for each 1% maintenance are shown on the Master Tables. For
example, suppose that an RB had a quality index of 70 and a
maintenance level of 70, and that the Master Table showed
that RB requires 4 PG units and'2 PS units per 1% maintenance.
Suppose that the residence depreciated a total of 3% (3% of
100, not of 70). The RB would automatically purchase 3 x 4,
or 12 units of PG, and 3 x 2, or 6 units of PS.

The total consumption of a class living on a single
residence parcel is a function of three things: the class,
the amount of time allocated to recreation, and the number
of P1's in the class living there. The fixed number of PG
and PS units required by a P1 in each class are shown on the
Master Table. The amoun of time allocated to recreation
is set by the decision-maker controlling the class on the
parcel. The Master Table shows the number of PG and PS
units which a P1 must purchase for each time unit spent in
recreation. Suppose that there are 6 PM's on a parcel and
that they have allocated 10 time units to recreation.
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Suppose further that the Master Table .shows that a PM
requires 28 PG and 11 PS units per round, and .05 PG and
.05 PS units per time unit in recreation. The 6 PM's
would require:

28 x (10 x .05) x 6 = 84 PG unitsand 11 x (10 x .05k x 6 =
33 PS units.

The transportation cost, the sixth column, is the total trans-
portation cost which the buyer pays to obtain PG. The transportation
cost is always zero if the buyer purchases from the Outside.
The transportation costs printed for residences are dummy
costs used for the purposes of assigning residential main-
tenance purchases to PG establishments; no one ever pays that
cost.

The last two columns show the total purchase cost paid
by the buyer to the PG establishment and the total cost paid
by the buyer for the personal 'goods and transportation (col-
umns six plus seven).

The Personal Services Allocation Summary contains the
identical types of information regarding detail on buyers
and sellers of personal services.

.The Business Goods and Business Services summaries are
also identical regarding economic sector buyers and sellers,
with a few minor. exceptions in the economic sector. For one,
PG and PS buy from BG and BS in Sponse to thd.ir sales
resulting from the personal commercial allocation.. The
Maste'J: Table shows how many units of BG and BS-a PG or PS
must purchase for each CU which it sells. .

A basic industry requires a fixed number of BG and BS
units each round. The fixed number is the number which the
Master Table shows as being required for a level one of the
industry type. That amount tlmes the industry's level is
the industry's fixed consumption.

Businesses depreciate annually due to several fac-
tors. Like residences, businesses may offset depreciation
through maintenance. The Mster Table shows the number of
BG and BS units required per 1% maintenance for each business
type.

Business Goods and Business Services are the only
business types which never pay for operating costs and main-
tenance costs locally. They purchase from the Outside.

The major difference between the BG-BS and PG-PS
allocation processes is that BG and BS can have contracts to
provide local schools and municipal services departments
with their required goods and services; A department can
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Figure 4.5
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4

contract with several local goods and services establishments
for up to a total of 100% of its requirement. If less than
100% of a department's requirement is contracted locally,
then the rest is automatically purchased from Outside at the
Outside price. Government contracts with BG and BS esta-
blishments are made by players; they enter into the commer-
cial allocation process only in that they consume BG and BS
capacity before the other BG-BS buyers select shopping loca-
tions and thus decrease a BG's or BS's remaining capacity.
Sellers to government are assured of govel-nment purchases.
The number of units which a department consumes is the sum
of the operating needs of its facilities (number of levels
times a fixed requirement per-level) and Its mainten,-ce
requirements. Both BG and BS allocation summary outputs
have a table showing where government departments are buying
BG and BS, how many units are consumed by each department,
and the total income to the BG or BS establishment for those
sales.
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5 Terminal Allocation Output

Heavy industries, light industries, and business goods
use terminals. Terminals represent major shipping and
receiving points through which those businesses interact
with the Outside system.

AADusiness is assigned by the program to the terminal
to which itohas the least transportation cost. However,
terminals have capacities, and a terminal's usage affects
a business's perception of the transportation cost to get
there. The allocation process is similar to the commercial
process in that terminal users are assigned to terminals
simultaneously and then reevaluate their choices in light
of the new allocation. However, there is no Outside-terminal.
Since the only cost to a terminal user is the transportation
cost, it uses the best terminal it can find, i.e.; the one
to which the transportation cost weighted by its usage,is
least. The user pays only the actual transportation cost;

The terminal output lists the lOcation of each terminal
user, the type of economic activity, and the number of,ter-
minal capacity units consumed by the user. It also shows,
for each terminal, the terminal's code number, its location
(terminals are located at intersections), and its develop.-
ment level. The capacity of a level one terminal is shown
on the Master Table. A terminal's capacity is its develop-
ment level times the capacity of a level one terminal.

The t" 'nal output also includes a map showing the
geographic aistribution of terminal users and terminals.
Each parcel on the map contains a single digit, which, if
non-zero, is the code number of the terminal which the eco-
nomic activity on that parcel is using. Terminals are iden-
tified by their single digit codes, are located at intersec-
tions, and are surrounded by asterisks. .
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Figure 4.6

TERMINAL DEMAND AND SUPPLY TABLE

CUSTOMERS

LOCATIONS LAND USE REQUI2EMENTS

2J___,4W CR 3000
94-28 MF 2000
9828 TE 2000
9630 PA .3000

9830 BO 1139
9432 FO 3000
9632 MP 6000

TERMINALS

HUMBER LOCATION LEVEL

1 9531 2
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E. SOCIAL SECTOR DETAILED OUTPUT

1. Dollar Value of Time

The social sector has four types of resources:
time, voting power, money, and the power to boycott. The
first two are unique to this sector, but it is through time
allocation that social decision-makers can increase their
voting strength. Time can be allocated to extra work, adult
education, politics and recreation. Time is not specific-
ally allocated to transportation to full-time work, but
transportation makes the first claim on allocatible time; it
decreases time available before time allocated to any other
activities is considered by the program. The more time which
a 131 spends travelling to work, the less time it has to
spend in other more personally useful activities._ A decision
maker or the director can affect the amount of time which.P1's
spend travelling through the decision-to specify the dollar
value of a time unit travelling.

The computer assigns all population units to modes
of transportation to and from work on the basis of least
cost. Least cost includes transportation charges (which
differ according to mode of transportation, type of road and
amount of congestion) as well as the dollar value of time
spent traveling. The social decision-maker or director is
able to specify the dollar value of one time unit consumed
traveling to and from work for each of the classes. As the
dollar value of a time unit spent traveling increases, there
is a greater chance that the computer will assign a more
expensive but quicker mode of transportation to work (i.e.,
via automobile or rapid rail rather than bus). The following
example will demonstrate how the computer considers the dollar
value of time.

Assume that the tranpsortation dollar costs
for one worker i8 $150 per year to get to work by bus and
$230 to get to work by auto. It also requires an extra 4
time units to travel by bus instead of auto.

If the dollar value of time for that popula-
tion unit was set at $40 then $160 (4 x $40) would be added
to the bus cost to arrive at a total cost of $310 to get to
work by bus. To take an auto it costs $320 (no extra time
units consumed). Therefore, the computer would assign the
population unit the BUS mode to travel to work (since $310
is less than $320).

In the same case, suppose the dollar value of
time was set to $50 Then the total bus cost would be $150
plus 4 time units t-mes $50 (dollar value) or $350. Auto
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Figure - 5.1

t********************************************************** ******:
T WOC-I TY

DOLLAR VALUE CF TIME JURISDICTION 1 ROUND ?g****************************************************************

TEAM

SOCIO - ECONOMIC CLASS

HIGH MIDDLE LOW

AA 20 15 10

BR 10 8 6

CC 47 44 38

OD 54 4.1 37

EE 52 49 36

FF 59 32 8

GG 57 43 34
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4

would cost only $320. Therefore, the computer would assign
these population units the auto mode to work (since $320 is
less than $350).

A worker pays.only the actual dollar cost to get to
work. The dollar value of time is used for route and. mode
allocation purposes only. The dollar value of time repre-
sents the worth of a time dnit being spent in transportation
relative to the time unit being spent in other activities.
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2. Social Decision-Maker Detailed Output

This output shows the characteristics and financial
status of the P1's controlled by a social decision-maker in
each jurisdiction, in each class on each parcel. The
characteristics and financial status of the P1's in the
same class on the same parcel are averages:. They can
differ only in their employment locations and salaries
earned. For all other purposes, the model uses averages
for the whole group.

The output contains one column for each parcel.

a. Location and Number of P1's

The first two rows identify the residence loca-
tion and number of P1's in the class living there.

b. Education Level

A P1's educational level affects its chances of
obtaining a job. The higher its educational level relative
to educational levels of others seeking employment, the
greater its chances of getting a higher paying job. A
social decision-makercan increase his P1's educational
levels by allocating time to adult education. Adult
education represents an investment of time and money
resources to improve a worker's relative usefulness to an
employer, whether the investment be in courses, reading,
or skill and experience improvement.

Public (free) adult education can be provided
only by a jurisdiction'sSchool Department. If the School
Department of the jurisdiction in which a P1 resides does
not provide an adult education program, the P1 cannot
obtain free adult education. If the department does not
provide enough adult education for the requests of the
people in the jurisdiction, then all of the P1's have only
a portion of their requests satisfied. P1's can also alloc-
ate time to private adult education, which they are assured
of obtaining (if they have enough time units remaining
after other time allocations) but which is relatively
expensive.

c. Voter Registration Per P1

Voter registration represents the maximum
number of votes per P1 which the decision-maker can cast
in an election. If voting is done through the computer,
a portion of the registered voters turn out for an election.
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Figure -5.2

*********************************!**************************
TWOCITY

SOCIAL CECISION MAKER GG HIGH SOCIO-ECONOMIC CLASS
***********************************************************

LOCATION. 8830 9030
NUMBER OF PI'S A3 23
EDUCATION LEVEL 90 81
VOTER REGISTRATION PER PI 216 216
PREVIOUS SAVINGS PER P1 256269 130233
PERCENT OF PT'S UNEMPLOYED 0 4

INCOME PER P1
EMPLOYMENT(FULL) 1312615 1292727
EMPLOYMENT (PART) 160384 0
WELFARE 0 204000
MISCELLANEOUS 538 0

EXPENDITURES PER PI
RENT -- 322000 276000
TRANSPORTATION

AUTO 61551 72980
BUS 0 0
RAIL 0 0

GOODS 370000 370000
SERVICES 15 5200 155200
SCHOOL (CHILDREN) 39000 39000
SCHOOL (ADULTS) 0 0
HEALTH 8000 8030
SALES TAX 22894 22894
INCOME TAX 232500 1Q3756
AUTOMOBILE TAXES 908 1406
MISCELLANEOUS 0 0

SAVINGS PER P1 260946 355491
NEW RALANCE PER P1 517215 485724

TIME ALLOCATION PER 411

TRANSPORTATION 5 15

ILLNESS 3 . 3

EXTRA JOB (25) 10 0

EDUCATION
PURLIC ( 0) 0 0
PRIVATE ( 0) 0 0

POLITICS (35) 35 35
RECREATION (10) 10 10

INVOLUNTARY 17 37

HEALTH INDEX 2t, 25.
PERSONAL INDEX 67 116
NEI0HBPRHOoD INnFx 1A3 162
ENVIRONMENTAL INDEX 246 245
QUALITY OF LIFE INDEX 313 361
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The decision-maker can increase the fixed minimum number of
voters in a P1 by allocating time to political activity.
The increase lasts for one round only, so a high regis-
tration can be maintained only if time is allocated to
politics each round.

d. Previous Savings Per P1

This is the average savings or deficit which a
P1 has from previous years. It is added to the new savings
(the current round's income less expenditures)and becomes
the new balance, next round's previous savings.

e. Percent of P1's Unemployed

This is the number of P1's who were unable to
obtain full-time jobs expressed as a percent of the number
of P1's of the class living .on the parcel.

f. Average Income Per P1

The population living on a parcel can derive
income from up to four sources: full-time employment,
part-time employment, welfare, and miscellaneous (cash
transfers from other social or economic decision-makers or
government departments). Welfare can be received only by
those P1's who are unemployed and is paid by the jurisdic-
tion in which they reside, if that jurisdiction has a welfare
program.

g. Average Expenditures Per P1

Most personal expenditures are only partially
affected, if at all, by social decision-makers. A level of
each residence type has a fixed number of space units. A
P1 of each class occupies .a fixed number of space units. A
residence owner sets a rent per space unit and a P1 pays
rent on the number of space units which a P1 of its class
occupies. Although the rent charged at a residence is set
by its economic sector owner and the residents must pay that
amount, rent is a factor in the allocation of people to
housing in the migration process.

Transportation expenditures are incurred in the
trip to work and to obtain goods and services. Auto, bus
and rail may be used in the trip to work, but only auto may
be used in commercial trips. All transportation routes and
costs are calculated by the computer program. See the
Employment Detail and Commercial Detail descriptions for
more information on transportation costs.
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The Commercial Detail description also explains

P1 expenditures for goods and services, part of which is

affected by the amount of time which a P1 spends in

recreation.

A P1 pays for private education for its children

if local schools are inadequate. Students are assigned to

schools by the computet. Middle and high income families

have certain criteria for the school in their district. If

the school fails to meet thole criteria, these students will

be assigned by the computer to private schools at the expense

of the population unit they represent. Those-criteria aret

shown on the Master Tables. Students of the low socio-eco-

nomic class go to the public school in their district regard-

less of the high and middle class criteria, unless their

residence location is excluded from a district. The cost

for private school varies by class and is shown on the

Master Tables. A P1 pays for adult education if it has

allocated time to private education. There is a fixed

cost per time unit spent in adult education.

A'Pl has a fixed annual health expenditure

which varies with the P1's class. In addition to. that

base amount, a P1 on a parcel having surface water or

adjoining a parcel having surface water incurs a greater
expenditure if there are any coliform bacteria in the water

See the Master Tables for the precise costs.

There are three types of taxes which a P1 may

have to pay: sales taxes, income taxes, and automobil.

taxes. There is a fixed state sales tax rate on all pu.e-

chases of personal goods and services, regardless of whether

the goods or services are purchased from local establishments

or from the Outside. Local governments may alsc set tax

rates on PG and PS purchases from commercial establishments

within their own 'arisdictions. That tax revenue accrues

to the government of the seller's jurisdiction.

There are fixed federal-state income tax rates
on #11 P1's total full-time and part-time gross income.
Local governments may also tax the gross income of the P1's
living in their jurisdictions and/or working in their juris-
dictions. The tax revenue goes to the account of the juris-
diction levying the tax.

There are no fixed automobile taxes. Local
governments may tax total automobile expenditures to get to
full-time and part-time work by PL's living in their juris-
dictions and/or working in their jurisdictions.
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Miscellaneous expenditures are cash trans-
fers made by the social decision-maker to other social or
economic decision-makers or government departments.

h. Time Allocation

As mentioned above, social decision-makers
allocate time for their P1's to spend in extra work, adult
education, politics and recreation. There are 100 units of
leisure time available to each P1. Two types of time allo-
cation are not set by a decision-maker: time in illness and
time !..n transportation. The time units spent in those two
categories are first deducted from a P1's 100 available time
units before any time is spent in other activities.

Transportation time is explained above. .The
number of time units which a P1 spends in.illness is equal
to one-tenth of the health index on its residence parcel.
The health index is a functioh of the use index of the munic-
ipal services unit serving the parcel, the amount of over-
crowding at the residence, and the amount of coliform bac-
teria in the surface water on the parcel or on adjoining
parcels.

The computer program performs all of the actual
time allocation process in response to decision-makers'
time allocation requests. If, after time has been subtracted
for illness and transportation, the P1 has any remaining
time units, it may enter the part-time employment process.
The amount of time spent in part-time work is subtracted
from the remaining time units, and if any time units remain,
the P1 may enter the adult edubation allocation process.
Politics and recreation are processed last, in that order,
and in the same fashion with regard to not exceeding the
100 allocatable time units.

All of the time which a P1 allocated to a
specific activity but was unable to spend in that activity
contributes to "involuntary time". If during the time allo-
cation process a P1 uses up all of its 100 time units, no
time may be spent in subsequent activities.

All of tl'e allocated units in excess of 00
become involuntary time. There are two other sources of
involuntary time. If a P1 cannot obtain all of the part-
time work which it requests (due to there being a greater
number of time units allocated. to part-time work than there
are part-time jobs) the portion of the allocated time which
was unfilled adds to involuntary time. The other source
of involuntary time is the portion of a public adult edu
cation request which, cannot be met by local adult education
programs.
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Involuntary time and transportation time con-
tributes to a Pl-s personal index. -Recrelttion time de-
creases the personal index.

A social decision -maker sets.the dollar
value of a time unit travelling. for all of a class Ward-
wide. The dollar value of time of the high-income people
controlled by BB, for example, cannot be different for those
PH controlled by BB in jurisdiction1 than it is for BB's
PH in jurisdiction 3. Social decision-makers can, however,
allocate time by jurisdiction and even by parcel. A decision-
maker's preferred time allocations appear in parentheses
to the right of the row headings labelling the types of
allocations. Any exceptions.for the decision-maker's prefer-
ence on individual parcels show the preferred allocations in
parentheses next to ,the actual allocations for the parcel.

Indexes

The Social Detailed Output also lists the
values of five indexes used in the migration process. See
the description of Migration for details.
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3. Social Decision-Maker Boycott Status Output

Social decision-makers can boycott working for
specific employers, shopping at specific PG or PS estab-
lishments, or using either the bus or rail modes of trans-
portation. Aboycott is in effect for an entire round and
is continued until a decision is submitted to stop the boy-
cott. The boycott output has one row per boycott, showing
the social decision-maker boycotting, the class boycotting,
the function boycotted (work, shop,,or use), the location
boycotted (0 if the boycott is against working for a govern-
ment department), the land use boycotted (0 if the boycott
is against a government department), and the owner of the
establishment being boycotted (department and jurisdiction
if the boycott is against a government department).
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Figure 5.3^

4****************************************************.tm********tmt,A*
TWOCITY

SOCIAL DECISION MAKER GG BOYCOTT STATUS OUTPUT
. ROUND 2

!************************************************************************

BOYCOTTING BOYCOTTED

CLASS OR
TEAM LAND USE FUNCTION LOCATION LAND USF OWNER

GG HIGH WORK SCI
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F. Economic Decision-Maker Detailed Output

Each of the economic teams receives statistics at the
beginning of every round of play that summarize the cash
flow for the preBrious year, a balance sheet showing _let
worth, loans made and received, new construction completed,
boycotts in operation, undeveloped land holdings, and de-
tail on all of its. businesses. The team may use any of its
resources to achieve whatever objectives it desires.

1. Financial Summary

a. Cash Flow Statement

A team's cash holdings can be used to pur-
chase additional property, construct any of the types of
economic sector land uses on property that it owns and
which is properly zoned and served with utilities, construct
any level or type of effluent treatment plant at a busi-
ness which it owns, demolish any builuing it owns, pay off
loans, grant a lOan to another team, pay taxes on undevel-
Oped land, or spend it in some miscellaneous way (cash
transfer to another team and purchase of national stocks).

Additions to the new balance (i.e., cash)
come from income derived by selling property, receiving
payment from loans, receiving loans, earning net income from
investments (developments and farms) in the local economy,
receiving government subsidies, earning interest on savings,*
and from miscellaneous sources (cash transfers from others
and sale of national stocks).

If the team makes no decisions during a par-
ticular round, it is still charged interest and principal
payments on loans and taxes on .undeveloped land. The team
also automatically receives loan payments, interest on
savings, and net income.

the

latter figure, however, may
be a negative number if the developments of a given team are
doing poor business and their expenses exceed income.

*Interest earned on savings is 2.5 percent. The cal-
culation of interest on savings is:
PCB = previous cash balance
N = total net income from businesses this round
E = total expenditures this round,,except expenditures for

business operation, which are already accounted for in N.
Interest = .025 (PCB N - E).
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s.

Figure 6.9

4*****r*********************************t**************t******t**
TWOCITY

FINANCIAL SUMMARYECONOMIC DECISION MAKER A ROUNP******************************************************************

CASH FLOW STATEMENT
1

PREVIOUS CASH BALANCE

EXPENDITURE
PROPERTY RURCHASE0

180000000.

8080.
CONSTRUCTION 256000000.
DEMOLITION 4599999.
LOAN PAYMENTS 6191512.
NEW LOANS GRANTED 0.
UNDEVIAND TAXES 6640346.
MISCELLANEOUS 10000000.

INCOME
PROPERTY SOLD 97000.
LOAN PAYMENTS RECEFVE0 2757808.
LOANS RECEIVED 9.
TOTAL NET INCOME 53077792.
SUBSIDIES O.
INTEREST ON SAVINGS O.
MISCELLANEOUS 800080000.

NEW BALANCE 747572736.

CONSERVATIVE INVESTMENTS 0.
INCLUDING A RETURN OF $ 0.

SPECULATIVE INVESTMENTS 0.
INCLUDING A RETURN OF % 0.

TOTAL ASSETS- 1488160256.
CASH O.
LOANS TO OTHFPS 4999999.
INVESTMENTS IN OUTSIDE O.

r DEVELOPMFNTS i4n000000.
t LAND 495587514.

LIABILITIES (INDEBTEDNESS) 76074384.
NFT WORTH 1417015760.

NFW ROPRONING CA1A1ILITY FPrIM ourstnr 1114451104.
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b. Investments

The second part of the Financial Summary output
shows investments in the national economy. A team may in-
vest as much cash as it wishes in either conservative or
speculative national businesses. The national business
cycle generates the year by year rate of return for con-
servative stocks and for speculative stocks. In upswings in
the business cycle, the rate of return on speculative stocks
will always be larger. The range for the-rate of return on
conservative stocks is narrow and centers on six percent
whereas for speculative stocks the range is wide and it
centers on about seven percent. In bad years, however, the
return on speculative stocks Could be very small or even
negative. The return from national investments is auto-
matically used to purchase additional.stock. A team must
"dis-invest" in order to have returns from national invest-
ments show up in the cash account.

c. Balance Sheet

A team's assets are comprised of cash on
hand, leans to others, the value of investments in the
national economy, and the value of developments and land.
Developments are valued at their typical construction costs
times their value ratio divided by 100. Thus, developments
that are not maintained decrease in value over time. Land
is valued at the market value.

A team's liabilities are the Sum of the prin-
cipal on all loans from others (indebtedness). Net worth
is the difference between current assets and liabilities.
Teams may borrow up to 80% of their total assets from
national bankers. The amount which a team can borrow from
outside is shown on the last line of this output. There
are no limits on the amount of debt that teams may have
among themselves.

2. Loan Statement

The loans that a team has with national bankers
(outside = OU) and with other teams are shown in the loan
statement. The loans received from other sources are listed
and their annual payments summarized. The loans granted to
other teams are listed after that. Note that the interest
rate may vary by loan.

Loans between teams are made for any amount and
at whatever interest rate is mutually agreeable. The

148



to

F
i
g
u
r
e
 
6
.
8

-
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

T
W
O
C
I
T
Y

L
n
A
N
 
S
T
A
T
E
M
F
N
T
E
C
C
N
O
M
I
C
 
D
E
C
I
S
I
O
N
 
M
A
K
E
R
 
A

P
O
U
N
D

2
:
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

B
O
R
R
O
W
F
R

A E

I
N
T
E
R
E
S
T

R
E
M
A
I
N
I
N
G

O
R
I
G
I
N
A
L

A
N
N
U
A
L

L
E
N
D
E
R

R
A
T
E

Y
E
A
R
S

P
R
I
N
C
I
P
A
L

P
A
Y
M
E
N
T

41
1m

f
l
u

3
.
5

2
3

S
7
5
0
0
0
0
0
0

s
4
5
5
0
5
4
2

G
6
.
2

1
S

3
0
0
0
0
0
0

S
1
6
4
0
0
,
n

T
O
T
A
L

S
6
1
Q
)
5
1
2

A
6
.
8

1
S

5
0
0
0
0
0
0

S
?
7
5
7
1
1
0
8

T
O
T
A
L

$
2
7
5
7
4
0
8



only conditions on a loan internal to the system is thatthe period be specified as either 2 or 25 years, and thatthe lending team have sufficient cash to cover the loan.

An economic team may also borrow money from theoutside system for either a 2 or 25 year period. The in-terest rate is set by the national bankers who take into
consideration the national business cycle. An economicteam that has debts equalling 80% of its total assets maynot receive any further loans from the outside system.

3. Land StImmary

The Land Summary output shows the location byparcel coordinates of all land owned by a team. It alsoshows the assessed value of the entire parcel (assurringthat 100% of the parcel is valued in the same proportion
as the private part), the publicly owned part (percentdeveloped and undeveloped), the undevelopable percent,the number of units of utility service available to thatparcel, and the actual number of utility units that areused.

Teams may acquire land from other players atmutually agreeable terms or from the director on a bid,submission basis. The director represents small farmers,"and outside land holders who will sell if the pride is right.The game director controls the sale of Outside-owned land.

The cost of making land bids on Outside-owned
properties is set at some percent of the bid amount, re-gardless.ot the bid's success or failure (See Economic
Sector Master Tables).

4. New Construction Table

The new construction output shows for an economic
decision-maker the location at which a new development oran additional level of development is taking place. Italso shows the type of development; the old and new level,
the location of 0-0 which denotes an outside system firm, the
contract price, the rent per space unit (if a residence) orthe salary by class (if an employer), the quality index (ifhousing) or the price per CU (it a store), and the contract
status. -"Completed" means that the development became oper-ational at the beginning of the round just completed.
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5. Economic Boycott

Economic teams may boycott.the purchase of goods
or services from local BG, BS, PG, and/or PS establishments,
and their businesses can be boycotted by the social sector
as a place to work or shop. Boycotts have effect for the
full round, and they continue in operation for succeeding
rounds unless terminated by a decision input on the pax of
the boycotting team. The boycott output shows the team
boycotting, the income class or land use that is carrying
out the boycott, and the function being boycotted (work
or shop). The boycott output also shows the location and
land use being boycotted, and the team owning the boycotted
business.

economic
if he is

Thus, boycott information appears as part of an
decision-maker's output if he is boycotting and/or
being boycotted.

6. Farm Output

The farm output shows for each farm the farm code
number, the type of farm, the number of parcels comprising
the farm, the total number of percents of parcels comprising
the farm, the farm's fertilizer level:, the normal income
per 1% of that farm (at fertilizer level zero and before
local property taxes are deducted),_the multiplier on normal
income for each of the three other possible fertilizer
levels, the actual income per 1% of that farm (before taxes),
the total local property tax paid, and the total net income
earned from the farm.

An economic decision-maker can make two types of
decisions regarding farms: 1) set the fertilizer level at
each farm; and 2) sell land on farm parcels. The higher
the fertilizer level at a farm, the higher the actual net
income before taxes and the greater the amount of pollution
in the farm's runoff. A farm owner can either sell all of
the farmland on a farm parcel to another economic decision-
maker (in which case the parcel ceases to be classified as
a farm) or sell part of the parcel to a government depart-
ment.

The farm code number and farm type are fixed at the
beginning of a game. They cannot be changed. The number
of parcels and percents of parcels comprising a farm can be
decreased but not increased by the farm owner. The normal
income before taxes per 1% of a farm is also fixed at the
start of a game. That income is multiplied by the multiplier

153



Figure*6.5

*********************************************************************4**
TwOCITY

ECONOMIC DECISION MAKER A BOYCOTT STATUS OUTPUT ROUND 7
*****************************************************************4******

TEAM

A

A

BOYCOTTING BOYCOTTED

CUSS OR
LAND USE FUNCTION LOCATION LAND USE OWNER
----____

MF 9830 BG

FO SHOP 9830 BG
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associated with the farm's fertilizer level to yield theactual income before taxes. The assessed value of farmparcels and property tax rates are set by the local govern-ment. The actual income before taxes is multiplied by thenumber of percents in the farm and the total land tax paidis subtracted from that result to yield the total net income.
7. Residence Detail

. The Residence Output shows the location, type andlevel of each residential complex owned by a team. Allresidences it the model are described as rental units,
although the rent on single family housing could be viewedas a form of mortgage payment. Although the construction
and operation of housing is a player decision, the process
that moves population units into housing is performed by
the computer and is affected by player decisions in the eco-nomic and governmental sectors.

The economic decision-maker directly controls the
rent of housing and its quality index (by changing the main-tenance level). Government decision-makers affect the qualityof municipal services and schools serving each residence andthe tax rate and welfare rate for the jurisdiction containingeach residence. Both, government and economic decision-makersaffect the water quality on a parcel. All of these factors
are taken into consideration by the computer when assigning
population units to available housing.

a. The Quality Index and Maintenance Level

The quality index of a residence is a measure
of the present value of a development to the best possible
value which a residence can have. The Social Sector Master
Table shows that PH's require a quality index of at least 70,PM's a value of 40, and PL's a value of 20. This does not
mean, however, that all P1's of a given class automatically
move out of housing when the quality index falls below theminimum value. They just won't move in, and they tend to
move out because of increased dissatisfaction.

The quality index declines each year in response
to time, the quality of local municipal services, increasedfire damage due to insufficient water supply, and damage
due to floods, unless maintenance is performed on the residehce.
The maintenance level indicates the lowest level the ownerof the residence will allow the quality index to fall before
incurring maintenance expenses. The quality index can beraised above its present level by the player inputting a main-
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Figure 6.2

******************************************************************TWOCITY
ECONOMIC DECISION MAKER F RrIDENCE OUIPUT ROUND 2

*******************************************************4-**********

LOCATION 9232 8634TYPE AND LEVEL RC 1 RA 4QUALITY INDEX 80 75MAINTENANCE LEVEL 80 75MS DISTRICT
1 1UTILITY DISTRICT
1 1

DEPRECIATION (21
MS 1.0 1.0FIRE 0.0 0.0FLOOD 0.0

WATER CONSUMPTION IMGOI
MUNICIPAL
OUTSIDE

0.96
0.0

0.39
0.0

OCCUPANTS 8M 12H 1M 4HPERCENT OCCUPANCY 69 117RENT/SPACE UNIT 153600 154000

INCOME
RENT 5304000 1437333

EXPENDITURES
MAINTENANCE 1238000 118800UTILITIES 1134900 155200WATER

. 155520 3' :,8O
PROPERTY TAXES 512244 74368INCOME TAXES 875000 309750SALES TAXES 54010 5186

NET INCOME 1334326 739649

RATE OF RETURN
5.43 21.13

ENVIRONMENTAL INDEXES
LOW INCOME 33Z 268monu INCOME 306 246HIGH INCOME 310 24R
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tenance level that is higher than the quality index. The
quality index may not be _aised more than 20 points above
the lowest level it has ever reached.

b. MS District

As was mentioned above, -the quality of the
municipal services (as measured by the MS use index) serving
a residence has an effect on the attractiveness o: that resi-
dence to potential occupants and on the rate of depreciation
(decline in quality index) for that residence. The residence
output shows the code number of the municipal service unit
that serves each residence. The use index of each MS dis-
trict is shown on the Municipal Services Report and on the
Municipal Services Map. An MS use index value of 101 or
more indicates overcapacity and means that the municipal
services supplied are less than adequate. As the MS use
index increases above 101, the residences served by that MS
building become less and less attractive to P1's and the
residences also depreciate at a faster and faster rate. For
example, a use index of150 is twice as bad as a use index
of 125 and five times as bad as a use index of 110.

c. Utility District

Utility districts provide water and sewer
services in addition to other utilities. If a district pro-
vides an insufficient amount of water for its users'-needs,
the fire protection afforded those users is inadequate. That
inadequacy is reflected in an increased depreciation for all
economic activities in the district. A water shortage can
occur for any of the following reasons: 1) the intake water
quality it 9 and therefore untreatable; 2) there is insufficient
water for all of the users' needs; or 3) the district's intake
treatment plant has the capacity to treat less water than
its user,-, need.

The residence output shows the code number of
the utility district serving each residence parcel.

d. Depreciation

A residence has a normal annual depreciation,
depending on its type (see Master Tables for depreciation
rates). As mentioned above, it can also depreciate due to
inadequate municipal services and/or inadequate fire pro-
tection. Another factor in depreciation is flooding. The
director specifies when floods occur and a general degree
of flooding. The degree of damage to the economic activity
on a particular parcel is influenced by three additional
factors: 1) the type of activity; 2) the river basin dam
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priori ies; and 3) the likelihood of the parcel being affected
by a flood. This last factor is called the parcel's flood
susceptibility and can be found on the River Basin Flood
Plain Map. A parcel having zero flood susceptibility is
never affected by floods; a parcel having a susceptibility
of three is among the most affected parcels. The pa_.ameters
for the other factors in depreciation can be found on the
Master Tables.

The amount of depreciation due to MS,'fire,
and flood is printed in percent of the activity's original
value, assumed to be 100%.

e, Water Consumption

A residence normally receives all of its
required water from a municipal source (its utility district).
However, there are two exceptions: 1) when the utility dis-
trict provides insufficient water for its users' needs (see
c. above); and 2) when a residence is served by private util-

Type RA residences can be constructed without having
utility service. It is assumed that they have wells and
septic tanks. They do pay an expense for water, but that
amount is paid to the Outside and is lower than the normal
Outside price for water. A residence supplied by a municipal
water source receives water from Outside only when the localsupply is inadequate. When such occurs, each residence
receives an amount of water proportionate to its needs. For
example if the needs of all of the water user in a utility--
totaled to 24 MGD and the district was only able to supply16 MGD (67%), a residence needing 3 MGD would receive 2 MGD
from the district (67%).

The amount of water required by a residenceis a function of the residence type and class of occupants.In general, a high-income P1 .:ses more water than a low-.income P1, and an RA dweller uses more water than an RCdweller. See the Master Tables for specific water require-ments by class and residence type.

The residence output shows the amount of waterobtained from municipal and Outside sources.

f. OCcupants, Percent Occunancy, and Rent/Space Unit

The residence output shows the number of P1'sof each class that occupy every residence. PH's and PL'smay never live together on the same residence parcel. Thrpercent of occupancy is determined by taking the number ofP1's by class, multiplying times their residence space
consumption index (Social Sector Master Table), and takingthis as a ratio of the total space units in the residence.
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FOL. example, assume an RA3 has one PH and two PM's occupy-
ing it. The PH has a space consumption index of 2 and the
two PM's together a space consumption index of 2.66 (2 x 1.33).
Thus, there are 4.66 space units being occupied from an RA3
that has 6,00 space units of capacity. The occupancy rate
is therefore 4.66/6 = .78, or the building is 78 percent
occupied.

Rents are always specified in terms of the rent
I .id per space unit. A PM pays 1.33 times the per space unit
rent, and a PH pays twice as much.

9. Income

The income earned by a-residential unit is
equal to the rent per space unit times the total number of
space units occupied. In the above example, 4.66 space units
were occupied; therefore, at a rent of $150,000 per space
unit the rental income would be $699,000.

Income earned from a residence is independent
of which classes occupy it; income is directly related to
the percent which a residence is occupied and the rent being
charged. The following example illustrates that point.

Income Earned from Housing Occupied by the Three Income Classes

Assume: Housing is an RA2
Rent specified is $150,000/space unit

Relative
Space
Units

Class Consumed

Number of
Pl's Occu-
pying an
RA2 (2X
Relative
Space Units

Rent
Paid
Relative

Rent Paid
Factor
(Pl's x
Rent Paid
Relative)

Rent Paid
(Rent Paid
Factor x
Rent Charges)

PH 1.0 2 2.00 4 $600,000
PM 1.5 3 1.33 4 $600,000
PL 2.0 4 1.00 4 $600,000

h. Expenditures

The owners of residences incur expenditures for
maintenance, utilities, water, property taxes, income taxes,
and sales taxes. A residence'S maintenance expenditure is
the sum of its expenditures for personal goods and personal
services. The number of consumption units required for
maintenance is a funztion of the total percent depreciation,
the level of the residence, and the number of PG Licl. PS
units required for each percent depreciation. The number
of units of PG and PS required for each percent depreciaiton
is given on the Master Tables. The normal percent depreciation
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is also on the Master Tables, and depreciation due to other
factors is on the residence output. Suppose that the RA3
mentioned above has a normal depreciation of 1% and has 2.5%
more depreciation due to the other factors. Total deprecia-

tion: 3.5%. Suppose also that RA requires .7 PG units and
.3 PS units per 1% depreciation. Assume that the residence
owner has set a maintenance level which offsets that depre-
ciation. The residence's PG consumption is: 3.5 x .7 x 3 =

7.35, or 7 PG units. Its PS consumption is: 3.5 x .3 x 3 =
3.15, or 3 PS units. The actual price paid per consumption
unit depends on where the residence purchases PG and PS.,
That can be determined by examining the Commercial Detail

Output.

The expeniiture for utilities depends upon
the number of utility units consumed by type and level of
residence (see the Economic Master Table) and the cost per
unit of utility service as established by

were
Utility Depart:.

went. If the cost of utility service were $10,000 per unit,
and an RA3 consumed 12 units per year, its utility cost would

be $120,000.

Although P1's consume water, residence owners
pay for the water. Local water prices pen million gallons
consumed in a year are set by the Utility Department for

each economic activity. The prices for residences are set
by class and by residence type. The residence owner pays
the local price for that amount of water which is obtained
from the Utility Department and pays the Outside price for
the amount not supplied by the Utility Department (see Master
Tables for OutSide prices).

The pricing is relatively straightforward.
For example, suppose an RA3 houses 2 PH and 1PM. Assume the
Master Table shows that, in RA housing, a PH requires .08 MGD
and consumes 29 MG in a year, and a PM requires .07 MGD and
consumes 25 MG in a year. Suppose the total amount of water
required by the water users in the utility district is 24
MGD but the district can supply only 16 MGD (67%). The
residence output would show .15-MGD c:tained from the muni-
cipal source (16/24 x (.08 + .08 +.07)) and .08MGD from
Outside (.08 + .08 + .07 - .15). The total amount obtained
from both sources equals tae total amount required by the
residence.

Whereas the daily requirement is used for
determining local water sufficiency, the billing is done on

an annual basis in proportion to the amount obtained'from
each source daily. Suppose the local price per MG for PH
in RA is $350. Let the Outside price, which is always tHe

same for all water users, be $700 per MG. Then the residence
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owner's water expenditure for Outside water is;
8/24 x (29 + 29 +25) x $700 = 19,36(

The proportion purchased daily from outside is multiplied by
the total annual requirement and the Outside cost per MG.

The Owner's payment to the local Utility Departm:nt is:
16/24 x (29 + 29) x $450 + 16/24 x 25 x $350 =

$8700 + 5833 = $14,533

Residences pay property tax on the assessed
value of the building and the land occupied by the building.
The Assessment Department has control over land and building
assessments and the Chairman and Council have control over
the tax rates which are applied to the assessed value.

Residences pal, income taxes on the same basis
as all other economic businesses -- a state tax of 5% on net
income and a federal tax of 22% on the first $25,000 of net
income before taxes and of 48% on the rest of net income
and after state income taxes.

Residences pay sales taxes on the purchases
from PG and PS for maintenance. The fixed state sales tax
is 3% of PG and PS purchases and the local sales tax is
whatever rate has been determined by the local sales tax
authorities. Sales taxes accrae to the jurisdiction of the
commercial establishment and not to the jurisdiction of the
residence. State sales taxes are paid on purchases from
the outside system as well as on local purchases.

i. Net Income

The final net income for residences is deter-
mined by subtracting all of the listed expenditures from the
income derived through rents.

j. Rate of Return

The rate of return is printed for each business
as a percent, expressing the ratio of the business's net
income to its current value. Current value is the original
value of the building times its value ratio (or quality index,
in the case of a residence) divided by 100, plus the market
value of the land consumed by the building.

k. Environmental Indexes

Residences are filled by P1's in the order of
lowest environmental indexes first. The characteristics
which contribute to a parcel's environmental index are:
quality of the school serving the parcel, quality of the MS
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serving the parcel, residence quality, residence rent, local
tax rates, local welfare payments, and the parcel's pollution
index. Some of these factors are weighted differently by
each class, so there is one index for each class for each
parcel. The lower a parcel's environmental index for a class
in relation to other parcels' environmental indexes for the
class, the more desirable the parcel to migrating population
units.

For the exact value of each factor in a par-
cel's environmental indexes, see the section of the migration
output entitled "Environmental Indexes".

16-.)



8. Basic Industry Detailed Output

The basic industry output shows the location and
type of each basic industry owned by a team. A. basic indus-
try produces units of output that are sold at national mar-
kets and at per unit prices that are determined by the computer-
generated national business cycle. Owners of basic industry
should consult the section of the Demographic and Economic
Statistics that shows the status of the national businesscycle.

a. Constructed Level and Operating Level

Of all businesses represented in the model,
basic industries alone may decrease their level of operationswithout demolishing a portion of their buildings. An indus-
try's constructed level is the maximum level at which it mayoperate. It is effectively a physical restriction on the
amount which can be produced. The operating level is the
current level at which it is specified to function. The con-
structed level is considered only when land consumption,
maintenance and taxes on the development are calculated. For
all other purposes, a business's operating level is the only
level considered.

b. Value Ratio and Maintenance Level

The quality of plani'and equipment for busi-
nesses is represented by the value ratio. The value ratio is
the ratio of present value to original value. Business facil-
ities depreciate every year in response to time ("normal"
depreciation), MS service quality, adequacy of local water for
fire protection, and occasionally, floods. The Economic Mas-
ter Table shows the annual percent depreciation caused by
time, MS quality, and water supply for fire protection. Bus-inesses may overcome this depreciation effect by setting their
maintenance levels at points below which they do not want the
value ratios to fall. For example, if a maintenance level isset at 100, then that business will make maintenance expendi-
tures every year to keep the building in "like new" shape.
The value ratio of a business may be raised above its presentvalue (if less than 100) by inputting a maintenance level
that is higher than the value ratio.

c. MS District

The value ratio of basic industry is loweredby poor municipal services as measured by an MS use index in
excess of 100. Basic industry output shows the code number
of the municipal service unit which serves the basic industry.MS use indexes are shown on the Municipal Services Department
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Figure 6.3

ss*****************************************************
TWOCITY

Ecnk041c nFctsro4 mAKFQ A BASIC IN0uSTRy nuTpuT
11.44*****Itifik********t********************************44

LOCATION 9632
CONSTRUCTED LEVEL MP 1
OPERATJG LEVEL MP 1
VALUE, RATIO loo
MAINTENANCE LEVEL 100
MS DISTRICT 0
UTILITY OISTRICT 2
DEPRECIATION (%)

MS 2.9
FIRE 3.3
FLOOD 0.0
WATER QUALITY 0.0

WATER CONSUMPTION (MGM
NORMAL SOURCE 225.00
OUTSIDE

. 0.0
PERCENT WATER RECYCLED 0
EFFLUENT TREATMENT

TYPE AND LEVEL ST 1
SALARY (PER WORKER IN 100'S

HIGH
MIDDLE
LOW

EMPLOYEES

110
43
29

FULL TIME (IN PPS)
HIGH 19
MIDDLE 18
LOW 18

PART TIME (IN UNITS)
HIGH 80
MIDDLE 160
LOW 120

EMPLOYMENT EFFECT 1000
UNITS PRODUCED 1000
PRICE/UNIT OUTPUT 188300
INCOME

SALFS(PRIVATF) 181300000
EXPENDITURES

GOODS 18200000
SERVICES 3500000
MAINTENANCE 17000000
UTILITIES 770000
WATER

RECYCLING 0
INTAKE PROCESS 17550000
OUTFLOW TREATMENT 0
MUNICIPAL SUPPLY 0

TRANSPORTATION 12037497
SALARIES 52970000
PROPERTY TAXES 36011R0p
SALES TAXES 1161000'
mow,: TAXES 22785000

NET INCOME 56317703

RATE OF RETURN 73.47
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Report and on the Municipal Services Map. The contribution of
the MS use index to value ratio decline is directly proportional
to the amount by which the use index exceeds 100. For example,
a use index of 150 has double the effect of a use index of
125 and five times the effect of a use index of 11G.

d. Utility District

Utility districts provide water and sewer
services in addition to other utilities. If a district pro-
vides an insufficient amount of water for its users' needs,
the fire protection afforded those users is inadequate. That
inadequacy is reflected in an increased depreciation for all
economic activities in the district. A water shortage can
occur for any of the following reasons: 1) the intake water
quality is 9 and therefore untreatable: 2) there is insuffi-
cient, water for all of the users' needs; or 3) the district's
intake treatment plant has the capacity to treat less water
than its users need.

e. Depreciation

A basic industry has a normal annual deprecia-
tion, depending on its type (see Master Tables for deprecia-
tion rates). It can also depreciate due to inadequate muni-
cipal services and/or inadequate fire protection. Another
factor in depreciation is flooding. The director specifies
when floods occur and a general degree of flooding. The
degree of damage to the economic activity on a particular
parcel is influenced by three additional factors: 1) the
type of activity; 2) the river basin dam priorities; and 3)
the likelihood of the parcel being affected by a flood. This
last factor is called the parcel's flood susceptibility and
can be found on the River Basin Flood Plain Map. A parcel
having zero flood susceptibility is never affected by floods;
a parcel having a susceptibility of three is among the most
affected parcels. The parameters for the other factors in,
depreciation can be found on the Master Tables. The amount of
depreciation due to MS, fire, and flood is printed in percent
of the activity's original value, assumed to be 100%.

Basic industries which use surface water have
an additional factor in depreciation: intake water quality.
The maximum depreciation due to intake water quality is 1%,
for water quality' 9. The depreciation decreases as the water
quality rating decreases, and there is no depreciation for
quality 1 water.

f. Water Consumption and Recycling

Industries that use municipally-supplied water
normally receive all of their required water from a local

166



(

municipal source (the one within their utility district).
However, there is one exception: when the utility district
provides insufficient water for all of its users' needs. An
industry supplied by a municipal water source receives water
from Outside only when the local supply is inadequate. When
such occurs, each industry receives an amount of water propor-
tionate to its needs. For example if the needs of all of the
water users in a util3ty totaled to 24 MGD and the district
was only able to supply 16 MGD 167%), an industry needing 12
MGD would receive 8 MGD from the district (67% of its needs).

The only businesses which do not use municipal
water are those basic industries which use surface water
directly. There are two cases in which such a business would
not obtain all of its water requirement from the surface water:
1) the total amount attempted removed from the surface water
by itself and municipal intake points on its parcel was greater
than the amount of surface water on the parcel; or 2) the
surface water quality was 9. In the first case, the business
would receive an amount of the surface water proportionate
to its requirement. In the second case, the industry would
purchase all of its water requirement from the Outside.

Basic industries which use surface water can
recycle up to 100% of their water. At a recycling level of
100% an industry requires half as much water as normal and
has half as much effluent, although the amount of pollution
in the effluent does not change.

g. Effluent Treatment

A basic industry which uses surface water can
treat its effluent. A treatment plant can.be one of four
types: chlorination (CL), primary treatment (PT), secondary
treatment (ST), or tertiary treatment (TT). Each of the four
types removes a percent of each pollutant, chlorination remov-
ing the least and tertiary the most. A treatment plant has a
fixed capacity which is a function of its level. Each level
of a business's effluent treatment plant has the papacity to
treat the effluent generated by one level of the business at
a recycling level of zero. For example, a level two treat-
ment plant can treat all of the effluent generated by a bus-
iness operating at a level two with no recycling. The plant
could handle all of the effluent of a business operating at a
level four if it had 100% recycling. Any effluent in excess
of treatment plant capacity is dumped untreated into the
surface water.

h. Salary

All industries must hire employees in terms of
whole population units in order to operate and earn income.
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Employees' salaries are expressed in terms of wage per worker
and not per P1. Since the number of population units actually
hired by an employer is determined by the employment process
which takes into account location, transportation, educationallevel workers, salary offered and supply of and demand for
workers, it is important that employers take into considera-:
tion the local labor market situation when setting salary
levels.

i. Employees and Employment Effect

The number of population units required for a
level one development of all businesses is shown in the Eco-
nomic MaSter Table. The number actually hired is shown on
the detail business output. Full-time employees are shown
in population units (P1's) and part-time employees are shown

time units, where 80 time units is equivalent to a full-time
job 'in terms of income earned for a Pl.

If a basic industry hires all of the employees
it requires, the employment effect is 1000 per level of
development. A value of less than 1000'means that either
some of the full or some of the part-time employees required
from some income class were not hired. It4is useful to check
the Employment Summary and the Part-time Employment Statistics
if deficiency of employees exists. If a basic industry at
level one hires only 80 percent of the P1's it requires,
then .the employment effect is 800 (i.e., 1000 x .80).

j. Units Produced

The maximum units produced by a basic industry
is 1000 per level. If the employment effect is less than
1000 and/or if the value ratio is less than 100. then the units
produced will not be at a maximum. The units produced figure
is obtained by multiplying the employment effect by the value
ratio divided by 100. Thus, if the employment effect were 800
al the value ratio were 90, then the units produced would be
72, (i.e., 800 x .90).

k. Price Per Unit of Output and Income

The price per unit of output for basic indus-
try is determined by the national:business cycle price rela-
tive and the normal price per unit for the industry type.
The actual price per unit of output is the normal price multi-
plied by the business cycle price relative. Income is the
product of the price per unit and the units produced. All
sales of basic industry output are to the national system.
All output is sold and no inventories are accumulated.
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1. Expenditures

Basic industry incurs expenses for business
goods and business services. A fixed amount of BG and BS
units are purchased by basic industry, by type and level for
normal operation. Basic industry also purchases BG and BS
units in direct proportion to the amount of maintenance per-
formed, and these expenditures are listed separately under
the maintenance category.

The expenditure for utilities depends upon the
number of utility units consumed by basic industry by type
and level (see the Economic Master Table) and price per
utility unit being charged by the Utility Department.

There are four types of basic industry expen-
ditures related to water: recycling, intake treatment, -out-
flow treatment, and payment for municipal (or Outside) water.
A basic industry which uses municipal water can have only the
last of the four expenditures. Local water prices per million
gallons consumed in a year are set by the Utility-Department
for each economic activity. The prices for industries may be_
set by type. The industry pays the local price for that
amount of water which is obtained from the Utility Department
and pays the Outside pride for the amount not supplied by the
Utility Department (see Master Tables for Outside prices).

The pricing is relatively straightforward.
For example, suppose an industry consumes 10 MG per day and
2500 MG per year. Suppose the total amount of water required
by the water users in its utility district is 24 MGD but the
district can supply only 16 MGD (67%). The industry output
would show 6.7 MGD obtained from the municipal source and
3.3 MGD from the Outside. The total amount obtained froM
both sources equals the total daily amount required by the
industry (10 MGD).

Whereas the daily requirement is used for
determining local water sufficiency, the billing is done on
an annual basis -in--proportion to the &mount obtained from
each source daily. Suppose the local price per MG for the
industry is $300 Let the Outside price, which is always the
same for all water users, be $700 per MG. Then the industry's
water expenditure for Outside water is: $700 x 3.3 x 250 =
$577,500. The proportion purchased daily from Outside is
multiplied by the total annual requirement and the Outside
cost per MG.

The industry's payment to the local Utility
Department is: $300 x 6.7 x 250 = $502,500.
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A basic industry which uses surface water can
incur all four types of expenditures.. Recycling and outflow
treatment costs are direct functicns of the business owner's
decisions. The owner can set a recycling level of 0 to 100.
A business at 100% recycling requires half as much water as
a business at recycling level zero. Likewise, it has half as
much effluent. The cost to recycle a' million gallons of
water is given on the Master Table. Suppose a TA required
17 MGD and 4420 MGY for a level one without recycling. Suppose
a TA2 has a recycle level of 60%, and the cost to recycle is
$200 per minion gallons. The TA's annual volume of recycling
would be: 4420 MGD x 2 x (100-60)/200 = 1763 MG. The cost
for recycling would be: $200/MGx 1768 MG = $353,600.

The business owner also decides what type and
level of effluent treatment, if any, tha business has. The
operating cost of an effluent treatment plant varies by type
of treatment and number of MG's treated in a year. Suppose
the TA cited above had an ST1 effluent treatment plant and
the treatment cost per MG for ST was $200. Since the ST1 can
treat only tha equivalent of the outflow from a level one
business, its capacity would be 4420 MG in a year. The busi-
ness has 7072 MG of effluent (4420 x 2 1768). It pays
$200 x 4420, or $884,000 for effluent treatment. 2652 MG are
dumped untreated.

Expenditures for intake treatment and Outside
water (listed under MUNICIPAL SUPPLY) are automatically billed
to the business. A business does not construct an intake
treatment plant; it is assumed to treat all of its required
water to a usable condition. Intake treatment costs are a
function of the intake water quality, the type of business,
the volume of water consumed. If the intake water quality of
the TA cited above were 3, and if the cost to a TA to treat
water quality 3 were $80 per MG, the TA's intake treatment
cost would be: (4420 MG x 2 - 1768 MG) r $80/MG = $565,760.

There is no cost to treat water purchased from
the Outside. If part of a business's water were obtained from
the surface water and, due to a shortage of surface water,
part were obtained from the Outside, then the business would
have expenditures for both intaktreatment and Outside supply.
If the surface water quality were 9,the business would have
only the latter expenditure.

Basic industry pays transportation to BG and BS
if the industry purchases these from the local system. The
transportation charges are based on the type and level of
industry and the least cost distances along the various types
of roads. All basic industries except NS also incur transpor-
tation costs to the terminal which represents the cost of
shipping the units produced to national markets. The trans-
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portation costs to BC, ES and the t independent of
the number of units purchased or pi. :ue costs are
solely a function of type of indu.. level, distance travel-
led to destination and type of roaus. Regardless of the dis-
tance travelled, an industry pays a base cost to travel to
each of the three types of destinations. he total transpor-
tation cost (c) to a single destinatioi.

C= (UxB) + [UxBxLx (4xT-
where U is the number of units consum...0

and B is the base cost per unit consumed
and L is the length of a parcel side in miles
and T is the number of parcel sides traversed along

the least cost route between origin and destination
and R is the sum of the road types traversed along

parcel sides on the least cost route
U x B is the base cost which the industry must pay.

Suppose that the Master Table showed that a CR1 consumes
3000 terminal units and has a base cost of $500 per terminal
unit consumed. Suppose also that there is only one terminal
and a CR2 has no options on ways to travel: it must go four
parcels on a type 2 road and two parcels on a type 3 road.
Suppose that in the simulated region a parcel side is 2.5
miles long.

U = 3000 times 2, or 6000 terminal units consumed
B = $500
L = 2.5
'11 = 6, since six parcels are traversed
R = 14, for four parcels on type 2 and two parcels on

type 3 (4 x 2 + 2 x 3 = 14)
. .

The total transportation cost to terminal for the CR is:

6000 x $500 + 6000 x $500 x 2.5 x (4 x 6 - 14) =
$3,000,000 + $75,000,000 = $78,000,000

Salary costs by class are determined by multi-
plying the salary per worker times the number of workers per
P1 times the number of P1's hired.

Businesses pay property tax on the assessed
value of the development and the land occupied by the devel-
opment. The Assessment Department assesses the value of
land and developments and the Chairman and Council determine
the tax rates to be applied to the assessed values of develop-
ments and of land.

Businesses pay income taxes to the Federal and
State governments using the rates shown in the Master Table.
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Businesses pay saleq taxes on the purchases
from BG and BS. There is a fixed state sales tax of 3%. State
sales taxes are paid on purchases from the Outside system as
well as on local purchases.

m. Net Income and Rate of Return

Basic industry net income is obtained by sub-
tract ag all of the above expenditures from the gross income.

The rate of return is printed for each business
as a percent, expressing the ratio of the business's net
income to its current value. Current-value is the original
value of the building times its value ratio divided by 100,.
plus the market value of the land consumed by the building.
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9. Commercial Establishment Detail

The computer output for commercia.. establishments
is slightly different for business commercial (BG and BS)
and for personal commercial (PG and PS). The major differ-
ence is that BG and BS always, purchase their needed supplies
from the outside system, whereas PG and PS are able to pur-
chase their goods and services from local BG and BS establish-
ments. The commercial output shows the location, type and
level of development.

a. Value Ratio and Maintenance Level

. The quality of plant and equipment for commer-
cial establishments is represented by the value ratio. The
value ratio is the ratio of present value to original value.
Commercial establishments depreciate every year in response
to time ("normal" depreciation), MS service quality, use by
customers, adequacy of local water for fire protection, and
occasionally floods. The Commercial Master Table shows the
annual percent depreciation caused by time, MS quality, use,
and water supply for fire protection. Businesses may over-
come this depreciation effect by setting their maintenance
levels at points below which they do not want the value ratios
to fall. For example, if a maintenance level is set at 100,
then that business will make maintenance expenditures every
year to keep the building in "like new" shape. The value
ratio of a business may be raised above its present-vat e
(if less than 100) by inputting a maintenance level that is
higher than the value ratio.

b. MS District

The value ratio for commercial establishments
is lowered by poor municipal services as measured by an MS
use index in excess of 100. The computer output for commer-
cial establishments shows the code number of the municipal
service unit which serves the basic industry. MS use indexes
are shown on the Municipal Services Department Report and
on the Municipal Services Map. The contribution of the MS
use index to value ratio decline is directly proportional to
the amount by which the use index exceeds 100. For example,
a use index of 150 has double the effect of a use index of
125 and five times the effect ofa use index of 110.

c. Utility District

Utility districts provide water and sewer
services in addition to other utilities. If a district pro-
vides an insufficient amount of water for its users' needs
the fire protection afforded those users is inadequate. That
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Figure 6.4

***********************************************************************
TWOCITY

ECONOMIC nEcIsoN MAKER F COMMERCIAL OUTPUT ROUND ?
**********************c************************************************

LOCATION 9230
TYPE AND LEVEL PG 1
VALUE PATIO 90
MAINTENANCE LEVEL 90
MS DISTRICT 1

UTILITY DISTRICT 1

ec.ORECIATION 0%1
MS 2.6
FIRE 0.0
FLOOD 0.0
USE 0.8

WATER CONSUMPTION (MGD)
MUNICIPAL
OUTSIDE

SALARY (PER WORKER IN 100'S)
HIGH
MIDDLE
LOW

EMPLOYEES
FULL TIME (IN PI'S)

HIGH
MIDDLE
LOW

PART TIME (IN UNITS)

0.23
0.0

100
50
25

8
13 i
18

HIGH 0
MIDDLE 80
LOW 160

EMPLOYMENT EFFECT 14609
'CAPACITY USED 13822
EFFECTIVE CAPACITY 13148
PRICE/CU 10000

INCOME
SALES(PPIVATE) 138220000

EXPENDITURES
GOODS 66430000
SERVICES 23500000
MAINTENANCE 1800000
UTILITIES 960300
WATER 32085
TRANSPORTATION 720000
SALARIES 30800000
PROPERTY TAXFS ,1022508
SALES TAXES 2751900
INCOME TAXES 2738750

NET INc91E 7496547

PATE OF RETURN 77.76
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e.

inadequacy is reflected in an increased depreciation for a.,
economic activities in the district. A water shortage can
occur for any of the following reasons: 1) the intake water
quality is 9 and therefore untreatable; 2) there is insuffi-
cient water for all of the users' needs; or 3) the district's
intake treatment plant has the capacity to treat lest water
than its users need.

d. Depreciation

A commercial establishment has a normal annual
depreciation, depending on its type (see Master Tables for
depreciation rates). It can also depreciate due to inade-
quate municipal services, use in excess of its effective
capacity, and/or inadequate fire 'Irotection. Another factor
in depreciation is flooding. Ti,.: director specifies when
floods occur and a general:degree of flooding. The degree
of damage to the economic activity on a particular parcel is
influenced by three additional factors: 1) the type of acti-
.vity; 2) the river basin dam priorities; and 3) the likelihood
of the parcel being affected by a flood. This last factor
is called the parcel's flood susceptibilicy and can be found
on the River Basin Flood Plain Map. A parcel having zero
flood susceptibility is never affected by floods; a parcel
having a susceptibility of three is among the most affected
parcels. The parameters for the other factors in depreciation
f:or commercial establishments can be found on the Commercial
Master Tables. The amount of depreciation due to MS,'fire,
flood, and use is printed in percent of the activity's ori-
ginal value, assumed to b. 100%.

e. Water Consumption

Commercial establishments use municipally-
supplied water and they normally receive all of their required
water from a local municipal source (the one within their
utility district). However, there is one exception: when
the utility district provides insufficient water for all of
its users' needs. A commercial establishment supplied by a
municipal water source receives water from Outside only when
the local supply is inadequate. When such occurs, each
business receives an amount of water proportionate to its
needs. For example if the needs of all of the water users
in a utility totaled to 24 MGD and the district was only
able to supply 16 MGD (67%), a business needing 3 MGD would
receive 2 MGD from the district (57% of its needs).

f. Salary

All businesses must hire employee'0 in terms of
whole population units in order t--) operate and produce shopping
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capacity. Employees' salaries are ec5ressed in terms of wage
per worker and not per P1. Since the number of population
units actually hired by an employer is determined by the
employment process which takes into account location, trans-
portation, educational level of workers, salary offerLA and
supply of and demand for workers, it is important that
employers t ?ke intoconsideration the local labor market
situation when setting salary levels.

g. Employees and Employment Effect

The number of population units required for a
level one development of all commercial establishments is
shown in the Commercial Master Table. The number actually
hired by a commercial establishment is shown on the detailed
computer output. Full-time employees are shown in population
units (P1's) and part-time employees are shown in time units,
where 80 time units is equivalent to a full-time job in'terms
of income earned for a Pl.

If a commercial establishment hires all of the
employees it requires, the employment effect is equal to the
design capacity shown in the Commercial Master Table. A
value of less than this design capacity means that either.some
of the full or some of the part-time employees required from
some income class were not hired. It is useful to check the
Employment Summary and the Part-time Employment Statistic3
if deficiency of employees exists. If a commercial establish-
ment at a development level of one hires only 80 percent of
the P1's it requires, then the employment effect is 80 per-
cent of the design capacity.

h. Capacity Used and Effective Capacity

The effective capacit_ is calculated for com-
mercial establishments by multiplying the employment effect
times the valuL ratio divided by 100. The effective capacity
indicates the number of capacity units-(CU's) that the .com-
mercial establishment can supply to its customers without a
strain on plant, equipment, and qual3ty of service.

Capacity used is the number of consumption
units that the commercial establishment actually sold to
customers in the competitive local market as determined by the
commercial assignment process. If the capacity used exceeds
the effective capacity, then the commercial establishment
undergoes a strain on its plant and equipment that is repre-
sented by increased depreciation of the physical facilities.
BG and BS establishments may sign contracts with local govern-
ment departments (Schools and Municipal Services) to automa-
tically supply these departments with their needed goods and
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services. If these two government departments do not make a
contract with a local firm, they will purchase from the outside
system at greater than normal prices per unit. Th "se govern-
ment departments can specify a contract with up tc, three
local BG and three local BS establishments. Greater detail
on these contracts is given under the description of the
government sector.

i. Price per Capacity Unit (CU)

Each commercialestablishment sets its own price.
Factors that must be taken into account when setting price
are location in relation to potential workers, buyers and
sellers; competitive establishments; local demand; boycotts;
and the typical price. Typical prices are listed in the
Economic Master Table.

The Commercial Process assigns customers to
commercial establishments on the basis of least cost to the
customer per consumption unit, including the customer's trans-
portation cost to get to the commercial establishment. Cus-
tomers also are given a bias to shop where they shopped the
previous year and a bias against shopping at over-crowded
estal-l_shments.

Owners of commercial establishments are encour-
aged to examine the commercial allocation summary output and
the commercial maps to see which stores are serving which
customers. A detailed descrintion of this output can 1..4
found under the General Output Section.

j. Inc .a

Sales to private customers ind sales to public
customers are separated for BG and BS, but not for PG and
PS since the 1' tter establishments sell to only the private
sector. Income is the product of capacity used and price
per CU.

k. Expenditures

BG and BS spend money for service charges which
represent purchases from the outside system. PG and PS spend
money for business goods and business services that repre-
sent the finished goods and services that they require in
order to operate. In both cases, the dollar amount of expen-
ditures for goods and services (service charges) is directly_
related to the number of capacity units sold. These rela--
tionships are shown in the Commercial Master Table.

(I
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Commercial establishments must pay annual main-
tenance if the value ratio is to be prevented from declining.
BG and BS pay their maintenance to the outside system,
whereas PG and PS purchase units of BG and BS for the purposes
of maintenance. These relationships are also shown in the
Commercial MastLr Table along with the factors that cause
depreciation. Remember that overcrowding of commercial
establ hments causes the depreciation rate to increase.

Commercial establishments purchase utilities
based upon type and level of development as indicated in
the Commercial Master Table.

There is one type of commercial establishment
expenditure for water: payment for municipal (or Outside)
water. Local water prices per million gallons consumed in a
year are set by the Utility Department for each economic
activity. The prices for commercial establishments may be
set by type of establishment. The business' pays the local
price for that amount of water which is obtained from the'
Utility Department and pays tho Outside price for the amount
no supplied by the Utility Department (see Outside System
Master Tables for Outside prices).

The pricing is relatively straightforward.
For example, suppose a business consumes 1.0 MG per day and
300 MG per year. Suppose the total amount of water required
by the weer users in its utility district is 24 MGD but the
district supply only 16 MGD (67%). The business output
would shov, MGD obtained from the municipal source and
.33 MGD from t.. Outside. The total amount obtained from
both sources equals the total daily amount required by the
industry (1.0 MGD).

Whereas the daily requirement is used for
determining local water sufficiency, the billing is done on
an annual basis in proportion to the amount obtained from
each source daily. Suppose the local price per MG for the
commercial establishment is $300. Let the Outside price,
which is always the/same for all water- users, be '$700 per
MG. Then the business's water expenditure for Outside water
is: $700 x .33 x 300 = $70,000. The proportion purchased
daily from Outside is multiplied by the total annual require-
ment and the Outside cost per MG. The business's payment to
the local Utility Department is: $300 x .67 x 300 = $60,000.

BG and PS have transportation charges to BG
and BS if they purchase locally, BG has transportation to
terminal to purchase goods from the Outside system, and BS
has no transportation charges. The transportation costs by
type of road to the several destinations are given in the
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Commercial Master Table. Transportation costs incurred by
commercial businesses are dependent upon the number of units
purchased. The costs are also dependent upon the type of
buyer and seller, the distance travelled to the destination,
and the type of roads. Regardless of the distance travelled,
a business pays a base cost to travel to a destination.
The total transportation cost (c) to a single destination is:

C= (UxB) + [UxBxLx(4xT- R)]
where U-is the number of units consumed

and B is the base cost per unit consumed
and L is the length of a parcel side in miles
and T is the number of parcel sides traversed along

the least cost route between origin and _destin-
ation

and R is the sum o!:: the road types traversed along
parcel sides on the least cost route

U x B is the base cost which the business must pay.

Suppose that the commercial output showed that
a BG. 1 had a capacity used of 2000 and therefore consumed
2000 terminal units. Assume that the Commercial Master
Table shows that it cost $400 per HY 3 mile to travel to the
terminal. Suppcse also that tire is only one terminal and
the BG 2 has no options on ways to travel: it must go four
parcels on a type 2 road and two parcels on a type 3 road.
Suppose that inthe simulated region a parcel side is 2.5 .-
miles long.

U = 2000 terminal units consumed
B = $400
L = 2.5
T = 6, since six parcels are traversed
R-= 14, for four parcels on type 2 and two parcels on

type 3 (4 x 2 + 2 x 3= 14)

The total transportation cost to terminal for the BG

2000 x $400 + 2000 x $400 x 2.5 x (4 x 6 - 14) =
$800,000 + 20,000,000 = $20,800,000

Salary costs by class are determined by multi-
plying the salary per worker times the number of workers per
P1 times the number of P1's hired.

Businesses pay property tax on the assessed
value of the development and the. land occupied by the devel-
opment. The Assessment Department assesses the value of
land and developments and the Chairman and Council determine
the tax rates to be applied to the 'assessed values of devel-
opments and of land. Businesses 1,:ay income taxes to the'.

1 79



Federal and State governments using the rates shown in the
Commercial Master Table. State income taxes apply to the
net income figure before other taxes have been deducted.

Businesses pay sales taxes on the purchases
of goods and services. There is a fixed state sales tax of
3%. State sales taxes are paid on purchases from the Outside
system as well as on local purchases.

1. Net Income and Rate of P-turn

Business net income is obtained by subtracting
all of the above expenditures from the gross inccme. Net
income for commercial establishments can be very volatile_
because of the competitive aspect of the local market and
the individual business's control over pricing.

The rate of return is printed for each business
as a percent, expressing the ratio of the business's net
income to its current value. Current value is the original
value of the building times its value ratio divided by 100,
plus the market value of the land consumed by the building.
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G. GOVERTVENT SECTOR DETAILED OUTPUT

Chairman Output

The Chairman Output consists of three sections which
summarize the revenues and expenditures of all departments
and of the jurisdiction's government as a whole.

Chairman Department Finances

The first line of this output shows the welfare
payment rate, which is set by the Chairman. The rest of
the output summarizes the revenues and expenditures of
each department in the Chairman's jurisdiction: Municipal
Services, Schools, Highways, Planning and Zoning, Utilities,
and Chairman. Bus and Rail are interjurisdictional and
their finances do not appear on the Chairman's report.

The Chairman can grant appropriations to Municipal
Services, Schools, Highways and Planning and Zoning. He
can grant subsidies to Utilities, Bus and Rail, and he can
transfer cash to any account.

Further detail on departments' accounts is included
in the descriptions of their output.

Tax Summary

This output shows the revenue which the Chairman
account receives from each type of local tax formally'
included in the model. Taxes constitute a major source
of revenue for the operation of local government. There
are four types of local taxes in the model: property,
income, automobile, and sales. The Chairman specifies the
rate at which these taxes are to be levied and the computer
automatically collects the tax revenue. If the Chairman
does not set tax rates for a given round, the computer
collects taxes at the preyious rate.

There are two types of property taxes: land and
developments. Land tax is applied to all privately owned
land. The tax paid is determined by multiplying the
percent of a parcel privately owned times the assessed
value of the parcel (set by the-Assessment Department)
times the land tax rate. Development tax is applied to
economic land uses. The tax payment is determined by
multiplying the assessed value of a development times the
development tax rate.
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Figure 8.18.

CHAIRMAN DEPARTMENT FINANCES
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Figure 8.18 (Cont.)
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A political jurisdiction may tax the personal income
of either the people who live there or the people who work
there. A resident income tax is paid by a population unit
and is letermined by multiplying the resident income tax
rate times gross wages of people who live in a jurisdiction.
Employee income tax is determined by multiplying the
employee income tax rate times gross income of the people
who work in the jurisdiction.

Automobile taxes can also be levied by a particular
jurisdiction on the people who live there and the people
who work there. Automobile resident tax is determined by
multiplying the automobile resident tax rate times the
travel cost to work by automobile of the people who live
in the jurisdiction. Automobile employee tax is deter-
mined by multiplying the automobile employee tv J:ate
times the travel cost to work of the people who rk in
the jurisdiction. tt.

Sales taxes are levied on all purchasers of personal
goods and personal services. Thera are separate tax rates
for goods and services. The tax is determined by multi-
plying the sales tax rate on goods/services in the
jurisdiction in which the seller is located times the
amount of purchase of goods/service at each seller.

Financial Summary.

This output summarizes the cash flow which is itemized
on the Chairman Department Finances output.
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COMPUTER OUTPUT EXPLANATION FOR THE
ASSESSMENT DEPARTMENT

'.kssessment Devartment Output

As in all roles, the Assessment Department not only
interacts with all of the other users of the model in the
Economic, Social, and Government'Sectors but with the
computer as well.

The computer output used by the Assessment Department
exclusively can be broken up into two general types: tabu-lar and maps.

Tabular Output

The tabular output for the Assessment Department of
each jurisdiction shows the current assessment ratios for
the jurisdiction as a whole and any exceptions to these
jurisdiction-wide assessment ratios.

The first portion displays the overall assessment
ratio for all properties in the jurisdiction. Assessment
ratios may vary, for land that is on developed parcels and
land that is locally owned but on undeveloped parcels.
Developments may be assessed by development type. Like-
wise each of the farm types may be assessed at different
rates.

The second portion lists any exceptions to these
jurisdiction-wide ratios. The parcel number is listed and
the specific assessment ratio is given in percentage terms
for developments (land use need not be specified since there
is only one private land use allowed per parcel), non-farm
land, and farm land. The Assessment Department may wish
to make specific dollar assessments (instead of assessment
rates) for particular parcels of land. These are the last
three categories on the tabular output: building (develop-
ments), land (non-farm land) and farms.

Map Output

Therc are three maps of primary interest to the assessor.
These maps supplement the printed matter discussed above
and are used to plan the assessment strategy for the juris-
diction. The maps are: (1) Market Value Map, (2) Assessed
Value Map, and (3) Farm Assessed and Market Value Map.

Other maps may also be of use to the Assessment.De-
partment. These include the Economic Status, Utility, and
Planning and Zoning maps.
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Utility D4ar4lent =Output-

The pta.Lkty -24Partnien* 'it.-1020P-Oneffile,-IfOr the ';prON:rikion,
andt vzate#': dery ces -which

require in '0.#1,..r#:
oPeratIons;':-are ,separate_ =water.

operations, but loth; are; general
141440t-.

Each utility plant has is :own distri ct, compr`ise'd; iof`
-tut _Parcel* .COht4,g0a.,

district" .is
.

water ,I.ntake°-,tT9.441P,P e,,,ttea eut .prarit,.

e
*440 titi-14ty,,Oet#Oe,4, -***04-k,.**,,O11-,:i-..Orqq,,..., Ater and

,ata0:,-.inTS
, x.

044t1,4#*4;!-J:kkkOtiridil
*44004-_:044',0;-40;;000*#00t4:,
having, a f:#01`,014.16:a4* '04§'014::4
are also cops

tir to =reitithre''rdiffere-nt--aftioun --df ea
Of the' plants

oho trusted= 640-
*COMeS aVai-lahleX0r45. er71.1t-4,:4

Or: sale to another 444.fiert-,'

The Utility,bepartMen

,,outtle*

919)tkrit-71:P:1111;

'4011-
e

construction.. _

OUttilit_i*OOKdia` ,:`Of -a- -fiffauOi a):
s:uoitt4tti a re Port treatment- lants

statrons;;K and mrscelhaneous: otherWater sampling
concern to the Departitieh

Utility Department;

_ All capital and current. _revenues. --and, expenditures are
summarized_ on thd.Si-OutPtit-.: Capital-eXpenditOreS are -made
iri direct player decisions -; ,current expenditures
.are made in respOn'Se All 6-45

revenues and the current reientieg, of subs. dies, 1:J:Ondingr,
aril misCellarieous .income -Oitained--jj1 the -Manner de-Soribed,
-341: the 4iteosihieti_on' to the -:do.itetnitiept The Utility

'Oepartment haS two.- additional- sources.'-of 'Current income_
income from -Users income from-water users. For
the most part, the two -typeS ^of users are identidal. How-
ever, types> of -basic use surface water
directly and do not require municipal water ,althotigh' they do
require utilities-.*
* One exception_to this rule is the' case of an RA with pri-
vate utilities (we-1 water, septic tanks, etc.). Such an
RA (Does not drain municipally-proVided utilities or water.-
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The Department set* the -:price. Whi-crh 'any'-:e0OnOittiC'activi=ty- must ,pay- corisUM-ed;. -Thatdoes. not .vary =With- the -;tir,P02Lof:--ea-OnbilitO:utilities. Each activity does .consume=
_-.0k utility units, but -the-lartoqf,Per. the--same for every utility, user_.:

The Department ..a,160 seta, the---Water CMG' 064-7
_-:SUrned; '13ixt the price -Set 'oaniNark:Or :#*

Users always 44r
ACtiVity, and;_

the._ only variable 4:0- Ithe 1#44:&, set. ;by,
6-4#064#'.However, the Utility` pePartMent might not always :able=to =pro id sufficientt-,Water'- for =:all. 'the reasons shortage-44 -relevant to. current, revenueys= because,. water fusers:

the y -a§tUal4t 44#.2_from the -Systeri

a -4:tai:02$0004#Wa*OA:604**0 iyei? -01*411q-g4ht,'0:ori*440*--ren '-954*#-1.2b i0:04-eXteriSioh S'e-r-iVIoti'lan MiddeiThe expenditure 1:111.
inOlUde_ utility; "15..lant:-.demolition:-codt-*:*-_-:_-,Tho!'_-'oof't6 4uct demolish= .Level - =of- 100:14*iitiii*#0T-gpier-oh the ,Master--TaWe 1444 =cons =truce on costs:inolUde- the -colt-S. tcYA6riSttr-da:t -Antake --treatment -Plant* -,0dt S*
-types levels
'for extension of ,utility `SerViOe; 4.11OlUcleeliitena4ohl 45f *-40eand sewer service-tO, fOr'the first -time. -h as-
-Mbre Water and 4sewer -terVice'17" if 'a' vti4law-Ilao:=-4i,* futilityservice, of whatever ieVel it =has.'diiffidient Water and, sewerS,erviOe: fOr 'any, tleVel -of-any .economic= --abilitiitii: -The- landpurchase expenditure -0A- tegory -inelUdeS- income irOM, !rand sale.Both utility plants- and treatment plants require land for-donstructiOn. -MiidellaneOus capital expenditures are thetotal of all cash transfers 'made ,from the department'stat account.

There are five types of -current expenditures: 'utilityplant operation, treatment plant operation, sampling stationoperation, _bond payments, And miscellaneots._ The expendi-ture for utility plant- operation is the total-of the operat-it'll costs of all Of the utility plants in the jurisdiction.Treatment plant operation is the- total -of the -operatingcosts of all Of the intake and' outflow treatment plants inthe jurisdiction. There is one fixed cost to operate each.ambient (river quality) sampling- station and iiioher fix dcost to operate each point source (user effluent quality)



sampling station. The total operating- cost- Of. -all saMPling
stations in -the ji1X4-sclictioil -appeari aS a, sibgle current
expenditure. 'Oayrnents on =both -current lbond& are
made :through the :current account:, illicel4peous- current

expenditures -are ;the -total of- all cash transferS-tade
the department's current aocount.

The new cash balanOes in both accounts remain in
hoSe ad-counts and are available, for expenditure, in the
following round..

Water. Department

Four ty154.-9g: -044164- '#fOri*4-#01i ,Oh-4.4-,-
output:-' intake ;treatment.Plarit (effluent):

4thie0 status;.' municipal 0#1 ,14i4-;0*-4
and the water i,

? -

intajSe're4#00fit Tarn.1
plant; :aLch,-:intake, tre,4*motq?ran.
is

(k-°4,4111
in WI-1.6h it is iOCate& an which- -serves,
Code nutber and its coot_diitates are --igivem'herer:
plant also- ilas -a 'leVel, whldh ,denote
(in MGD) to treat water.

r

he,--451ant

.:iritak&

The water -whic] is treated-ak,alm ihtAge/to4tiliehst,,p4;ant
may actually be obtained from surface` WatetLiiyAdio-1,41-Ah6;
siMulated::_regionl' al-lhoughthe water intake_ iinq*utility district must all be -frofil-:a-dingleparcelt lhaVinq
surface water: The dOordinatek of the parcelari-Ohloh.
distriCtra intake= point is .16dated-,are in the fOurtii,_colu#4
The 'fifth column ShOws the intakeWater-quaiitYe: intake'
water -quality affects the cost 'Which- the departffient -Mutt
pay in ordetto tteat the-,Water to driiikihg water -quality:.
The worse the water, the greater the coat per MG 'to treat
the ,water.

The total water requitement (in MGD) of all of the
water users in the utility district is in the sixth column.
The seventh 'column ;Contains the- total amount of water (in
MGD) which the department .was able to obtain from the sur-
facer water at' its intake point. The amount obtained is
never greater than the amount needed. There are three
pottible reasons that the amount obtained- could' be less
than the amount needed: 1) the water quality on the parcel
on _which the intake- point is located is 9: 2) the total
amount attempted removed by surface -water users (municipal
intake points or-surface water using baSic industries)' from
the pardel on which the intake pOint is located is greater---`--`"'
than the amount of Water on the parcel; 3) the intake
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treatment plant has the capacity to process a volume less
than the total amount needed by the district's water users-.
In the,f-i-rst ca_ se, no water users supplied by the municipal _
system receive municipal water; all purchase from the Outside.
In the second and third Cases each water -user receives- a
share of municipally-Supplied water propOrtional to its

_needs. If both the second and third-cases Obtain, the lesser
amount is removed from the surface water and -treated.

The seventh item, total treatment" cost, is the plant's
operating cost for the year, baSed' on the total water users'
annual '(in MG) ,, -the proportion' of their_ daily
needs (MGD) which the d_ iStriCt Obtained; and the eiluo4ty of_
the intake water. The proportion. .is. multiplied by the total
annual, requirement and then. intiltiplied_by the cost per MG-
to treat water at the intake quality. Tor example;.suPpOse
that a district contained only a and a TEL,' had a
level 1 intake :plant, quality' 4 ;intake 'water; and. =no
shortage of water at the intake point. ",StippOsei:that the*
Master Tables showed that: a 8G1 requires' :MGD- and 41
MG annually; a 'TEL requires= 8 MGD and 2080 MG annually-;. a
level 1 intake plant can treat 3::MGDJ, and the cost per 'MG
to treat quality 4 water is $100.! Then the total atioliht
needed (MGD) would be 8:17. The amount obtained would be

.3.00, and the capacity would be 3.0'0. The total treatment
cost would be:

3.00/8.17 x (41 + 2080) x $100 = $77882

The treatment cost per MGD is the total treatinent cost
divided by the MGD obtained.

The last item on the table, income from users, is..t the total income from the district's sale of water. re is
shown on the intake treatment plant table because. water
users pay the department only for those portions of their
water needs which are provided locally. They pay the local
price per MG for the number of MG's obtained from the dis-trict.

Whereas a water user may obtain some of its water from
Outside., all of. its effluent is dumped into the municipal
sewer system (for Municipal water users only). Thus a dis-
trict receives revenue only for water provided but receives
the total amount of effluent generated in the district. On
the outflow treatment plant table, each outflow plant has
a row. The first two columns contain< the code number of the
utility distriOt in which the plant is located and which itserves, and the coordinates of the outflow plant..
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The third column is the treatment type and level.
Level denotes the maximum amount of effluent which the-plant
can treat. Type denoted the amount of -each _pollutant -reMoved
from the effluent which, the plant treats. -The 'four types
-of plants, in, increasing Order Of pollution removal, re:

.

chlorination (CL), primary treatment (PT), secondary treat-
hent (ST), and tertiary treatment (TT) -.

The sewage generated by a district.may-be dumped into
surface water anyWhere-in the simulated' region, ,althOugh
all of the outflOw for a_tingle_ diOtriat-Must-be on a- -single
surface water-parcel. The coordinates of the 'parcel on
which the district's outflowToint is lbcated.are-given-the fourth column, All of the. distriat'seiflUent,,tkeated
or not, it dumped-op that_pardel,

The fifth column contaihk the amount of_effluehtlin
Apt)) generated by all of -the mater:uterSin-the..didtridt.
That amount is -e4pal to the.amOtint of water needed shown on
the intake treatment plant pble, __The "plant..Capa#ty
MGD) is in the next column and is-thejnaXiMum'amunt which
can be treated.. If the amount of effldent is greater than
the plant CapaCity:, the difference between the amount :of
effluent-and the amount' tkeated-is-,dumpedi:Untreated at
the outflow .point. The _P.moUn-t treated has an =amount of-
pollution removed according to the treatment type.

The total treatment cost, the treatment- plant -'s opera-
ting cost for the year, is based -on the -total water ,users'
annual requirements (in MG)., the-propOrtiOn of,their.effluent
which the plant treated, and the treatment Cost -pet MG
for'the treatment type and level. The proportion is,Multi-
Idlied by the total annual requirement'and then by the-treat=
ment cost per MG for the treatment type. For 'example; sup-
pose that the same district in the example above had_ ST2.
effluent treatment, and that the Master Tables sho*ed that
aleve.l. 2 has a capacity of 8 MGD and' that the treatment
cost per MG at ST2 is $190. The total treatment cost would
be:

8.00/8.17 x (41 + 2080) x $190 = $394,605

The last column, treatment cost per MGD, is the total
treatment cost divided by the amount treated (in MGD).

The department can set up sampling stations to monitor
the concentration of each pollutant in the municipal effluent
which it dumps into the surface water. Municipal sampling
stations mucit be located on parcels where municipal systems
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have outflow points. The municipal sampling station report
is a table with one row per sampling Station: The first two
columns contain the code number _of -the utility district
which the outflow point serves and the coordinates of the
outflow point. The next seven columns show the _ocindentra-
Oion of each pollutant in the effluent being dumped (after
any treatment). Oil and floating;-solads and high' level
-Wastes are either present or not; the: iire-_pot measured in
concentrations. Suppole that in the- exaMple_giVen :above,
the Master Table showed the effluent content of a pa and a,
TE 1 to be:

BOD Chlorides Nutrients Coliform- tempei -Oil & High.
-(LBS/MG) (LBS/MG) (LBS/MG) -(parts/MG) ature Floating Level

. ,Deviatioh,SOlida4ates

BG1
TEl

200 0- 0 10-- -B- No No
500 f_1180. 100 30 0 -No No

Then the volume of pollution before treatment would_be:
BOD: 200 x .13 + 500 x 8-= 4026 Lbs.

J i

Chlorides: 0 x .,13 + 180 x 8 = .1440 Lbs.
Nutrients: 0 x ,13 + 100 x 8 = 800 ,Lbs. i

Coliform: 10 x .13 + 30 x 8 = 241.3

/

Iri. The amount-of pollbtion to be treated Would-be 8-00/8.17 f

of the amount in- the efflueht. Thus, the ,amount treated 4

and untreated would be:

Treated Untreated

BOD 3945
Chlorides 1411 29
Nutrients 784 16
Coliform 236 5,

Suppose that the Master Table showed that ST removed:

BOD Chlorides Nutrients Coliform Temper- Oil & ,High
ature Floating Level

Solids' Wastes
80% 60% 50% 99% 0% 100% 0%

Then the -amount of pollution remaining in the treated
effluent would be:

BOD: (100 - 80) x 3945 = 789
ChlOrides: (100 - 60)x 1411 = 564
Nutrients: (100 - 50) x 784 = 392
Coliform: (100 - 99) x 236 = 2

194:
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The total amount of pollution dumped would be:

BOD; 189 + 81 = 870
Chlorides: 564 + 29 = 593
NUtrients: 392.+ 16 = 408
Coliform: 2 + 5 = 7

The sampling station report vould show those concentra-tions to be:
BOD: 106.49 LBS/MG (870/8.17)
Chlorides: 72.58 LBS /MG (593/8.17)
NUtiients: 49:94 LBS/MG (40_8/8.17)'
Conform: . 86 PARTS/MG ( 7/ 8,17)-

The last ,coltirtai in the table is the total Volume ofeffluent. dumped: at the outflow- .point. Actually the volumeof eff-luent-duthped is unimportant, since the =amount .ofLao& water on a parcel is constant. What 'does matter is thetotal amount of pollution dumped, not its. concentration.
OnCe in the Surface water, the .concentration of'-each .pollu-tant depends on the Volume of the surface water and the,'amount' of each pollutant already in= the SUrfaCe water, noton the amount of effluent.

Water prices are- the last. section of the Water Depart-ment Report. The two-letter code of each activity and theprice per MG are listed. The .first activity, 00T, is theOutside price per MG which water Users-pay for any- .waterwhich they cannot obtain 1ocally. That :price is the samefor all' jurisdictions and is not controlled.by the ,depart-ment.

All of the Other prices in the list are set by thedepartment. Note that the department doed not set pricesfor basic industries which use 'surface water, since thoseindustries obtains and treat their own water The departmentsets one price for each type of economic activity except 40-residences. Residence prices are set by residence typeand by class. The first letter of the two-letter code isthe class and the second is the residence type... 'LB' wouldbe low-income living in residence type RB. Water consump-tion by a P1 varies by class and residence type. In general,high-income consume more water than low-income, and RAresidents consume more water than RC residents. See theMaster Tables for the exact amounts of water consumption.
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Sampling Station Report: Point Source -Quality

The department can sample the effluent -discharged- byany economic activities in the jurisdiction at a fixed' costper sampling station. The concentration- of :a basic indus-try's pollution is shown after any treatment_ provided-_bythe industry.

The report is- a table consis ting of one :row per samplingstation. The first column_ shows- the- coordinates of -the
activity whose effluent isr:being sampled. liekt are the--eco-
nomic' owner and the type and- Operating' level of the activity.
The fourth column showt the,- effluent treatment type -and=level provided by the _activity,_ but It :relevant.-for 'basicindustries only. A level -one- treatment plant- -has -the capa-city, to -process all of the effluent normally generatedT:byone level of. inthistry.

. The volume of efflUent- lin ;,,,IG1?): next-. BasiC indus-
tries .WhiCh- use :Outface; water _can recYCle-..some- of their
water and cut the amount= of -effluent_ :generated by _tip to-half of the normal 'amount._ Although the- amount -ofeffluent
can be out,- the amount of -pollution, _generated, reMairit-
same. Thus-, -the 'pollution concentration_ is :higher in-effluent when water is recyOled-,.but no more:-'pollutiOn is
present than there- would= -be if there were -no- recycling-.

The remainder of the table shoWt the -concentrationof each pollutant in, the- activity's effluent.
SaMplinlStatiorib
An ambient sampling- station measures the concentrationof each pollutant in the surface water- as it leaves a-parcel ,and moves to the next parbel. Ambient :saMplingstations can be set up on any surface water parcelt in thejurisdiction at a fixed_ cost= per parcel. The type: of infer=

matiOn provided on the ambient sampling station report isbasically the same as On other tampling-,itation reports,except that the _amount of water is the amount in the surfacewater, and the water is rated in a-- quality category (1-9) .

Utility Department Report,

This report contains- detail on each utility plant inthe jurisdiction and detail of importance to the departmentas a whole (water- and utilities) on undeveloped land andOutstanding bonds. The detail on utility plants consistsof a table on which each row is a utility plant. The firsttwo columns contain the utility district code number and.the coordinates of the parcel on which the utility plant, is
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located. Next is'the level of utility plant, Each level
has a fixed capacity in terms of the number of utility units
which it can provide.

The next two columns show the number of utility units,
installed on parcels served by the plant, The, nuObur of
units installed on a pardei, is the- maximum which .an'

activity located there can draw-,,upori. -the:program rejects
-any construction whidh would TeqUire'MOte-.,Utiiity =units
than are installed_on the pardeli Thk nUriO§r Unit
installed and attached to a. plant 4.0.4iVap-',4kpOer than
or equal, to the number of units Seilied'bythePlant, The
units served are those actually being ConSAited:._
installed indicates actual And4otential.consumption -.
HoWever, a level a,M#4MUM,C44CJVHin:t4rM
Of units served; That'taXitlit-Cannotbef,exdeede4

There is an-oi5tipit nuMber of,vnits Which a le-Vel- of
utility plant can Serve... 4elow and abOve'that,number the
operating-Cost per unit served te4u4i't(5,a_unit..td-#9Prrie)
is greater than that optimatinimit ceiStper:dnit Serlie0.
Column six, total.OperatinTvcost tor'tfie-YeS,r, is 1-e0
informative than column seVen, the operating cbSt 'per" unit
served. The, last column, thaws. the total income which the
district receives for proyiding utility service: Jin 'deo-,

nomic activity pays for only the nutber, of utility, units
which it drains, regardless of the number iinstalled on the
parcel on which the activity is located.

,

The undeveloped -land table shows the location and
percent of parcel owned. Wherever the department owns uncle:-
veloped land.' Aibility]plan#s, intake treatmentplants,
and outflow treatment plantS require land. When a building
is constructed; land. is ubtracted from the department's
undeveloped land account.

Each outstariding,bond;is listed on the Icncitable, one
row per bond. The first item-is the type of bond, capital
or current. A capital bOnd has a term of 25 years; a_current
bond has a term of 2 years. The original prinCipal, remain-
ing term,-interest rate, and annual paythent-are given. The
remaining term is the number of rounds after the-current
round in which the department must make the annual payment.
The annual payment is calculated by the computer to pay Off
the bond in equal installments each year, and the payment is
made automatically by the computer from the department's
current account.
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COMPUTER OUTPUT EXPLANATION FOR THE
'SCHOOL DEPARTMENT

The School Department for each jurisdiction receives
three sections of computer output: the SCHOOL DEPARTMENT
REPORT, the CONSTRUCTION TABLE, and SCHOOL DEPARTMENT
FINANCES.

School Department'Output

This report information is divided into five sections:.

1. School Units - .supply, demand and use index for
each school dibtriCt.

2. Undeveloped' Land-- lOCation.an&amodnt of 'UndeVel
opectiand,Owhedthe-dePartMent:-

3. Contracts, ,contradtural,alreeMeht0-tOpurohaSe
business goods arld,SierVices-frOMspe4fic suppliers:

4. Adult Education - supply Of and deMandfrb adult.
education programs.

5. Boycotts- information on sotial cia0Sei-bocOtting
School- DepartMent jobs.

1. Charadteristics of School.-Facilities

The first column gives the numerical identification of
the School facility. Each faCility in the local system is
given -a unique identitication number that is used on the

,computer maps.
1

The second column gives the pa'rcel location of the
School facility. The third column provides the development
level of the School facility. These facilities may be built
or upgraded to one of-three levels,

The fourth column gives the maintenance level for the
school facilities. The department may change the mainten-
ance level for any school fadility. The maintenance level
is the lowest level to which the value ratio will be allowed
to decline before maintenance'expenditures are incurred.

The fifth column is the value ratio for each school
facility. The value ratio is a measure of the present
value and effectiveness of the plant and equipment in re-
lation to "brand new" plant and equipment. A value ratio
of 80 means that the effective capacity of an educational
facility is reduced to 80 percent of what it would be if the
value ratio were 100.
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The sixth, seventh and eighth columns show the number
of students from each of the three classes that attend
public schools in each of the districts.

Columns nine and ten show the eMployment mix re7iuests
in terms of population units. The final column shms the
School Use Index. It is the ratio of loading (demand) to
effective capacity (supply) multiplied times 100.

If the School Department did not hire all the popula-
tion units it requested, the following message is printed:

"7 MIDDLE INCOME TEACHER REQUESTS NOT FILLED"

This would indicate that 7 PM's were not hired.

2. Undeveloped_ Land

,This tableshows -the-parcel iodatioh-fOr-undeyelOped-
land owned by the chool Department It also .shOWS: the
percent of the parcel owned by the department. -*b_perpent
of a parcel required for a revel one school-facility.is
shown in the SchOol Master Table.

3. Contracts

The School bepartnierit purchases goodS and service; each
round as part of the .costs of operating and Maintaining
their school fadilities. These purchaSes are made from BG
and BS establishments im the local system if contracts to
do so are submitted to the computer by the department. If
no contracts 'to purchase locally supplied 'goods and ser-
vices are made, then all needed purchases are made from the
outside system.

The contract table shows the type of good or service
in column one. In the second column, the owner of the
establishment supplying the good or service is indicated.
The third column shows the parcel location of the supplier
if it is a supplier within the local system.

The fourth column shows the percent of total purchases
made from BS and BS suppliers. The fifth column shows the
cost per BG and BS unit being charged by the supplier.
(The outside prices are fixed.)

The sixth column shows the number of BG and BS units
purchased and the last column shows the total cost. This
cost is derived by multiplying the cost per unit times the
number of units purchased.

203



'5.-- Adult Education

The School Department may operate a public adult edu-
cation program if it wishes and can afford to pay the costs.
The demand for public adult education is generated by the
time allocations for free adult education by population units
in the Social Sector.

It is assumed that adult education is carried out in
the same school facilities used by the children in the public
schools; therefore, the only cost to supplying adult edu-
cation services is the hiring of part-time teachers.
Teachers may be hired in any desired mix from the PH and
PM classes.

The first two columns show the number of_patime_wOrk
units requested by the School Department froM the-PH- and
PM classes, -respectively,- SinCe-the-'SdhOolpartmenticoM
petes in the:-labor-market'with-ail,Othekployets of
part-time workers4-there, is -chance that occasionally not
all thel=tdadhers sought will actually -be, hired'. Therefore,
columns three and four show the:part-time work-Unit actually
obtained. .

The capacity of the adult education program is obtained
by multiplying the high income part-time units actually
hired times 15 and added that to the number of middle 'income
part-time units multiplied by 10. Thus PH teachers pro-
vide 50,percent more capacity per work unit hired than PM
teachers.

The used capacity, is the number of leisure time units
allocated to public adult education that were able to be
served by the actual capacity of the adult education pro-
gram. The unmet demand (if any) is the excess of the de-
sired amount of time spent in public adult education by the
population units of the local jurisdiction over the amount
that was actually able to be spent given the capacity of
the jurisdiction's adult education program.

At the bottom of the Adult Education Table, the local
school age population in the jurisdiction is shown along
with the number of these students who attended the public
schools and the number who attended private schools. The
population units whose children attended private schools
had to pay the specified tuition per student as shown in
the School Master Table.



The salary offered
at the end of the Adult
is offered to full time
time teachers for adult

PH. and PM teachers is also listed
Education Table. The same salary
teachers for day classes and part-
education classes.

5. Boycotts

The Boycott Table shows three bits of information on
the boycotting population units (team controlling, income
class, and function which for School boycotts will always be
work). Three bits of information are formatted for the'
boycotted employer. When the SChool Department is the em-
ployer being boycotted, "SC" and the jurisdiction number
appear under the third column heading entitled "owner".

NEW CONSTRUCTION

The Construction Table ,shows projects that Weie:-com-
pleted, at the beginning of the round and therefore were
in operation for the entire round. "Outside" indicates
that an outside construction firm performed the construction.
The site location is the .parcel on which the school facility
was constructed. The status will always appear as "Completed".

Old level is the previous development level for the .

school facility. A zero indicates that no school facility
previously existed on that parcel. he new level is the
present development level for the school facility after the
construction. The price of construction is indicated along
with the department specified maintenance level (this applies
to the-entire structure) and the specified employment mix
(this applies to the entire structure) and the specified
employment mix (this applies to the new total level not
only to the newly constructed increment;.

SCHOOL DEPARTMENT FINANCES

Outstanding Bonds.- This table shows the type (capital
or current) of bond, the original principal, the number of
rounds remaining to pay off the bond (all bonds start as 25
or 2 year bonds), the rate of interest being charged on
the principal (determined by the state of the national bond
market in the year the bond was floated), and the annual
payment that must be made on the debt. Bond payments on a
bond floated in round T being in round T+1.' Thus a current
bond incurred in Round 2 will start being paid off in Round
3.
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COMPUTER OUTPUT EXPLANATION FOR TUE
MUNICIPAL SERVICES DEPARTMENT

Municinal Services Department Output

This report information is divided into five sections:

1. MS Characteristics -..supply, demand and use index
for each MS plant and totals for the jurisdiction

2. Contracts - contractural agreements cu purchase
business goods and services from specific suppliers

3. Undeveloped Land -- location =and amount of tindeVel-
oped land owned by the department

4. Outstanding Bonds - information on bonds still
requiring annual payments

5. New Construction - information on the location,
costs, and operating characteristics of new MS
facilities.

6. Boycotts - information on soc.al classes boycotting
MS jobs.

1. MS Characteristics

The .first column gives the numerical identification of

the MS facility. Each facility in the represented area is
given a unique identification number that is used,on.the
computer maps-..-

The second column gives the parcel location of MS
facility. The third column provides the development level
of the MS facility. These facilities may be built or upgraded
to one of three levels.

The fourth column gives the maintenance level for the

MS facilities. The department may change the maintenance
level for any MS facility. The maintenance level is the
lowest level to which the value ratio will be allowed to
decline before.maintenance expenditures are incurred.

The fifth column is the value ratio for each MS facil-

ity. The value ratio is a measure of the value and effec-
tiveness of the plant and equipment in relation to "bra.

new" plant and equipment. A value ratio of 80 means that
thc effective capacity of a MS facility is reduced to 80
percent of what it would be if the value ratio were 100.
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The sixth column is the effective capacity of service
or the MS supply provided by each MS facility. This number
is derived by finding the capacity.that would be supplied
as determined by the MS level and employment mix and mul-
tiplying this times the value ratio expressed as a percent.

The seventh column is the MS loading or MS demand, gen-
erated by the population units and business activities loca-
ted within the MS district boundaries. The MS units demanded
by each type of, activity is shown in the MS Master Table.

Columns eight and nine show the employment mix requestes,
in terms of population units. The.final column shows the MS
Use Index. It is the ratio of loading (demand) to effective
capacity (supply) multiplied tiMes.10.

The salaries offered'per worker= to PL and PM employees
is listed belOw the table along with the designated welfare
payment per unemployed worker.

If the MS Department did not hire all the population,
units it requested, the following message is printed

"EMPLOYMENT SHORTAGE IOW 5 MIDDLE 0"
This would indicate that 5 PL's were not hired,

2. Contracts

The MS Department purchases goods and services each
round as part of the costs of operating and maintaining their
MS facilities. These purchases are made from BG and BS
establishments in the local system if contracts to do so are
submitted to the computer. If no contracts' to purchase
locally suppliedgoods and services are'made, then all needed
purchases are made from the Outside system.

The contract table shows the type of good or service
in column one. In the second column, the owner of the esta-
blishment supplying the good or service is indicated. The
third column shows the parcel location of the supplier if
it is a supplier within the local system.

The fourth column shows the percent of total purchases
made from BG and BS suppliers. The fifth column shows the
cost per BG and BS unit being charged by the supplier.
(The outside prices are fixed.)

The sixth column shows the number of BG and BS units
purchased and the' last column shows the total cost. This
cost is derived by multiplying the cost per unit times 'the
number of units purchased.
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3. Undeveloped Land

This table shows the parcel location-for undeveloped
land -owned by the-MS Department. It also shows the percent
of the parcel owned by the department. The .percent of a
parcel required for a level ,one MS facilityis shown%in the
MS Master Table.

4. Outstanding Bonds

This table shows the type (capital or current) of bond,
the original prindipal; the .number of rounds remaining to
pay off the bond 1411 bondi start as 25 or 2 year bonds),
the rate of interest being aharged-on the principal (deter-
mined by the state of the national bond-market in the ,year
the bond was floated), and the annual payment that must be
made-on the debt. Bond Payments on 'a bond floated in round
T begin in round T+1. Thus a Current bond incurred in Round
2 will start being paid off in kound 3.

5. New Construction

The Construction Table shows : projects that were= com-
pleted at the beginning of the round and therefore.were
in operation for the entire round. "Outside":indicates
that an outside. construction firm ,performed the construction.
The site location is the parcel on' which the MS facility .was
-constructed. The status will always- appear as "Completed".

Old level is the previous development level for the MS
facility. A zero indicates that no MS facility previciusly
existed on that parcel. The new level is the present devel-
opment level for the MS'fadility after' the construction.
The price of construction is indidated along With the
department specified maintenance level (this applies to the
entire structure) and the specified employment mix (this
applies to the new total level not only to the newly con-
structed increment).

6. Boycotts

The Boycott Table shows three bits of information on
the boycotting'population units (team' controlling, income
class, and function which for MS boycotts will always be
work). Three bits of information are formatted for the
boycotted employer. When the MS Department is the employer
being boycotted, "MS" and the jurisdiction number appear
under the third column heading entitled "owner".
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Municipal Services Department Finances

This report summarizes the department's financial
transactions for the previous year. See the Introduction
to the Cover' ,Int Sector for detail on the standard
governmental budgetary procedu;.e.
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Planning and Zoning Department Report

This one-page output summarizes the amount of park-
land and public institutional land provided by the depart-
ment and the financial status of the department.

The department has the power to purchase land for parks
and to develop parkland into ptblic institutional (museums,
zoos, etc.) land uses. Park faciUties affect where people
select housing,.

The department also has the power to zone land to
restrict what types of ecbnomicdeyelopments can, be
constructed on-specific parcels, The _department can
greatly affect the, pattern, and rate- ofrgroth in the-
jurisdiction.

.Further detaild on Planning arid' Zoning are contained
in the dedbription of the maps which most directly relate
to this department.

213

t



Figure g.10

************************************************************************
TWOCITY
PLANNING E ZONING DEPARTMENT REPORT JURISDICTION I ROUND ?

********************************************ic*************************"

THE. POPULATION IS .123000

TOTAL PARKLAN IS 3.96 SQUARE MILES

TOTAL INSTITUTIONAL LAND IS 0.0 SQUARE MILES

POPULATION PER SQUARE MILE OF INSTITUTIONAL LANDAS .0

(NATIONAL AVERAGE IS 100000)

THERE ARE NO OUTSTANDING BONDS

FINANCIAL ACCOUNTING

PREVIOUS CASH BALANCE

REVENUES

2000000.

APPROPRIATIONS 2000000.
RONDING 0.
MISCELLANEOUS 0.r

TOTAL 2000000.

EXPENDITURES
PUBLIC INSTITUTIONS 0.
BOND PAYMENTS 0.
LAND PuRCHASF O.
MISCELLANCOUs 380000.

TOTAL 380000.

N7W CASH !MANCE 362000C.
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Highway Department Output

The Highway Department control's the construction of
roads and terminals and the maintenance of roads. Roads
are located between parcels and consume.land from Loth
adjoining parcels; a terminal is located at corners ct
parcels (intersection) and consumes land from the four'
parcels which border the intersection. Roads areNsed by
population units to travel to and from employment and shop
locations and by basic industry and commercial eStablish-
ments to transport products to terminals and to purchase
the necessary goods and,serviced for maintenance and normal
operations. Population unit travel to work during peak-
hour travel only.

.

There are three types of highwaiS4 HY1, HY3.-
An HY3 is the large,st road,, and the, oheaPeSt to travel on.
The type of road determines its design capacity in term:s
of the number of vehicles which it can 'handle without
congestion when it is in the best condition.. Highways
depreciate as a function of use. The xialue ratio of a
segment of highway is the percent of its, design capacity
which it can actually handle. The loer the value ratio
of a road, the less its effective capacity.

Road congestion. occurs when there are more vehicles
using a road segment than can be handled by the road.
Congestion is recorded only during'peak-hour.travel. When
congestion occurs, it takes additional time for population
units to travel along the congested road segment. The
amount of additional time is directly proportional to the
amount of congestion on the highway. For example, if the
peak-hour congestion is 110%, the time to travel a road is
10% greater than otherwige. Time consumed in transportation
to and from work affects the allocation of leisure time in
the social sector.

Terminals are used by heavy industry, light-industry,
and business goods. Industries use terminals to ship
output to national demanders and BG receives goods from
national suppliers.

Highway Department Finances

The Highway Department receives income to its current
and capital accounts from various sources. These include
appropriations, Federal-State aid, bonds, and miscellaneous
income. Appropriations are distributed to the current and/
or capital accounts of the department by the Chairman. The
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Figure 8.14

TwOCITy
NI4MPAY OwRATNEN, wtyANcts Jvottottwtoo t spool t

AINA.NEIAL PTPOP T« -
EAPtTAt.
IMMIN

MUS ALANtE

cub ENT

0.0 PrEPTOUS MAUMEE f 440

REVENUES REVENUES
smnPittAttavt s 0.0 aitstioni-
OPIUM/Staff AIO 0.0 .

. tem roonfoc o.n niii.enootol.
otcmtswrout 0.0 . 0110ELLAvEnUS

TOT$1. etvevu$' $ 0.0 Vint.' (Knout

. . .

ftiftottui'ft isPiOntfoots '

'into cnoctouttforw 1 0.0 loan MAINTENANCE.
11,14144. CMITI0JETIOM 0.0 SONO:AYNENTS'
1.444 iMPNAS -0.0
PICETI.M.00% -0.0 . 'XISCEtiliNAUS-

tntat seevoittofs s 0.0 Tofitr,exeoottoliss

Nfw !st/oir 0.0 NEW BALANCE

outstsooton ooloos

TYPE OiECESIN 11ENRINIVe INTEREST' ANNUAL
PRINCIPAL Ilem RATE AYNENT

.... - = . - .... .. . ...- .

cAiTIL s917474. 13 '4.0 tSMAT.
CUPENT 770010. 2 3.0 101104:

N IN TENANCE-

tn., 04114,FNANCP Tnnot. AVERASE OTRECIA1Inq
1,0,11 ttvrt. mars . 5EF0RF MAINTENANCE COST

s imam:too

f 770000.00

104777.00.

S 760114.00

5012.00

1 0.4 to 0.A 1P000:
0.0 17 '0.S f 100449.
10.0 tt 's PMTS.
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Figure 8.14 (Cont'd)

4040 CoNOITIONS AFRO', HAINTINANCIT.
........
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department must request Federal-State aid for road
construction from the computer and if it is granted, the
aid can be used only for the approved project. The
department does not receive the aid until the approved
project is performed. Current bonds are automatic-11y
floated by the computer if the current expenditures of
the department exceed its current revenue. Current bonds
have a duraticn of two.years and the interest rate is set
by the computer. Capital bonds may be floated for the
department by the Chairman subject to a referendum by the
social:sector. Capital bonds have a duration Of 25 pears
and the interest rate is set by the computer. Miscellan.7.
eous income includes such items as cash transfers to the
capitaltOr. current account of the department and income
from the sale of land (capital account only).

The Highway Department spends money on road mainten».
ance, bond payments, miscellaneous, construction and land
purchase.

The Highway Department must purchase business goods
(BG) and business services (BS) for the maintenance and/
or renovation of its roads. BG and BS' are purchased by
the Highway Department at fixed costs from the Outside
System. Bond payments include payments on. interest
and principal of outstanding capital and current bonds
floated by the department. Miscellaneous expenditures
involve cash transfers from the capital or current
accounts of the department to an economic, social, or
governmental decision-maker, or from one account to

t another account.

Each outstanding bond is listed on the bond table,
one row per bond. The first item .is the type of bond,
capital or current. A capital bond has a term of 25
years; a current bond has a term of 2 years. The original
principal, remaining term, interest rate, and annual pay-
ment are given. The remaining term is the number of
rounds after the current round in which the department must
make the annual payment. The annual payment is calculated
by the computer to pay off the bond in equal installments
each year, and the payment is made automatically by the
computer from the department's current account.

Below the outstanding bond table is a table which
shows the maintenance level, number of segments, and
average depreciation of each road type. The Highway
Department specified a road maintenance level by road type,
not for each individual road segment.
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The next table shows the location of road segments at
each value ratio (depreciated value before maintenance).
Below,a road's coordinates is its congestion, the amount
which the road is used in peak-hour transportation in
excess of its effective capacity. If a road, showed a
congestion of 30, it would have 30% more use it could
effectively handle.

The detail on terminals shows the location, level,
design capacity (in terminal units)., and terminal units
used there.

The location and amount of land (in percent of a
parcel) if; shown for all undeveloped land owned by the
department.

Last, a table shows the locations of roads for-which
Federal-State aid has been granted but which have yet to
be constructed. The road type for which the aid has been
approved is also shown.

Highway Department Construction Table

This output shows the site location, type of con-
struction (road or terminal), and old and new level of
development of all construction or demolition-decisions
input by the department and accepted by the computer
during the previous round.
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Bus and Rail Company Reports

Although the Bus and Rapid Rail Companies are separate
quasi-private departments, they will be treated in the samesection due to the similarities between the two. Neither islimited to a single jurisdiction; both have interjurisdictionalauthority.

The Bus Company and Rapid Rail Company provide additionalmodes of transportation, (besides automobile) to the popu-
lation units who live and work in the simulated area. pop-ulation units take bus or rail to work only; they do not useeither mode of transportation for shopping;

The Bus and Rapid Rail Companies own rolling stock withthree possible levels of service (1,2, and 3). Level of
service indicates the actual number of tuses or railroad carswhich may serve a particulai route.

The number of passengers (capacity that can be effectivelyserved by a rail or bus route) is determined by its level ofservice. The design capacity of a bus or rail route is not
necessarily its effective capacity. Effective capacity isdetermined by multiplying the, value ratio of equipmentdivided by 100 times the deSign capacitY. Effective capacity
can be further reduced by employment. If the Bus or Rapid
Rail Company receives only 75% of the empioyees Which it
requested, the actual effective capacity of that route is-75% of what it would be if the entire employment needs hadbeen met.

It must be noted, however, that effective capacity doesnot refer'to the number of people who actually use a bus orrail. A bus or rail route may serve fewer or more people thanits effective capacity. For example, the bus service with
an effective capacity of 5,000 may actually be used by 6,000people. In such a case the computer has decided that forthese people; despite the overcrowding, it is still cheaperin terms of time and money to take a bus rather than anothermode of transportation.

The Bus and Rapid Rail Companies do not buy individualpieces of rolling stock. Rather, they purchase units of
equipment for each mile of service. Forty units of equip-
ment are required to operate a bus (level of service = 1)for one segment and 80 units of equipment are required tooperate a rail (level of service =1) for one mile. Equipmentis purchased from the Outside System.
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Bus and rail equipment which is used depreciates at anaverage rate each round. Goods and services for maintenanceare automatically purchased from the. OutsiAe System (i.e.,the computer) at fixed prices.

The Bus and Rail Companies .employ workers from middleincome population units (PM) only. They obtain their workersthrough the usual employment process handled by the computer.One PM (160 workers) supplies 1,000 units of labor and 50units of labor are required to operate a bus (level of ser-vice = .1) or rail. (level of service.=,1) for one mile. OnePM of workers therefore serves 20 miles of a Bps]. or RAM.

Passengers are assigned to travel to work by bus and/orrail by the computer. The basis upon which a population unitmay or may not be assigned to bus or rail transportation isthe dollar value of their time. This value is assigned bysocial decision-makers.

Those population_units with the lowest dollar value oftime will take the cheapest but probably the luagest_route oftransportation to work. Those population units with d-highdollar value of time will take a more expensive but quickermode of transportation to work.

The following example will demonstrate how the. computerconsiders the dollar value of time. Let us say the trans-
portation costs of a population unit are $150 per year to getto work by bus and -$320 to get to work by auto. It also re-quires an extra 4 time units to travel by bus instead ofauto. If the dollar value of time for that population unitwas set at $40, it would cost them $150 plus 4 units times$40 (dollar value) or $310 to get to work by bUs. Tc takeauto, it costs $320 (no extra time units consumed). There-fore, the computer would assign the population the bus modeto travel to work (i.e., $310.,.: $320).

In the same case, suppose the dollar value of time wasset to $50. Then, the total bus cost would be $150 plus 4time units timeS'$50 (dollar value) or $350. Auto wouldcost only $320. Therefore, the computer would assign, thesepopulation units the auto mode to work (i.e., $320.< $350).

Once a P1 takes bus or rail on the trip to work, it canno longer consider auto to be a modal option during thattrip.
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Buses travel along roads and trains go along tracks. The

Bus Company must therefore specify routes only on existing high-
ways, while the Rail Department can have routes wherever they
build tracks, including on the diagonal across parcels and

either overground or underground. Routes must begin and end

at intersections. Further, although bus, and rail transport
workers to and from their place of employment, the direction
of the route-Is-specified in order to meet residence to work

demands. For example, assume that people live in the parcels

above the line 15 and that most employment locations are at
parcels 7018, 7020 and 7220.

70 72 24 76 7e so e2 sq en
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la. 11: los im i Im s

. . . ; 5 5 o s s o
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W
= work area

ollsl = rail routes

= living areas 111111111 = bus routes

411
= railroad stations

The routes that should be specified are the morning routes
that bring people to work. In this instance they are 7113 to
7119 (for bus) and 7713 to 7119 (for rail). A bus stops at
every intersection but a rail will stop only where there are
stations and there can only be stations at intersections. In
the example above therefore, the rail has three stops: 7713,

7515, and 7119. In planning routes decision-makers for bus
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and rail will often discover that a key element involves theproximity of stops to parcels where the greatest number ofpeople work and/or live.

Although buses do not require land (they operate onhighways), surface rail tracks require land (on either side)per mile. A diagonal track requires land from each parcelwhich it crosses. All land must be purchased by the companyprior to the construction of tracks. Underground rail tracksnot require land.

Financial Report

Like the Utility Department, the Bus and Rapid RailCompanies are quasi-private departments and therefore do notreceive direct appropriations from the Chairman. BothCompanies, however, can receive income from'any of thefollowing sources:

1. Subsidies. These are public subsidies granted bythe Chairman to the current or capital accounts of eithercompany.

2. Bonds. Current bonds are automatically floated bythe computer if the current expenditures of either companyexceed current revenues. Current bonds have a duration oftwo years and the interest rate is set by the computer.
Capital bonds may be floated .for either company by.the Chair-
man subject to a referendum by, the social sector. Capitalbonds have a duration of 25 years and the interest rate isdetermined by the computer.

3. Fares. The primary source of income for the BusCompany and Rail Company is the fares which they charge to
passengers who use their serN..ce. Fares are deducted by the
computer from the accounts of population units represented bysocial decision-makers on the basis of 250 trips to'work and250.trips from work each year (round). The fare charged bythe company is for a single worker-trip; the yearly amount iscalculated based on two trips per day, five days per weekfifty weeks peryear (i.e., single.trip fare times 500).

4. Miscellaneous. These revenues include such itemsas cash transfers to the capital or current accounts of either
company and income from the sale of land (capital account ofRail Company only).
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Expenditures

The Bus and the Rail Companies spend money on the following
items:

1. Vehicle Maintenance. This includes the cost of
maintenance and renovation osts of vehicles owned by the
companies. It involves purchases of goods and services at
fixed prices from the Outside System (i.e., the computer).

2. Salaries. Since both companies hire middle income
(PM) workers, they must offer competitive salaries.

3. Bond Payments. These include payments on interest
and principal of any outstanding capital or current bonds
floated by either company.

4. Miscellaneous. These expenditures Include cash
transfers from the capital or current-accounts of the cohipany
to an economic or social or governmental decision-maker, or
from one account to another account.

5. Vehicle Purchase. This is a ca_ pital expenditure for,
the purchase of rolling stock. One unit Of equipment (either
bus or rail) has a fixed cost of $10,000.. If any stock is
sold, this item willsubtract the selling price of stock and
may indicate a negative .number willbe credite6 to the
capital account of the company. The selling price of a unit
of equipment is defined as: .50 times value ratio of equip-
ment/100 times the original purchase cost of a unit of equip-
ment.

6. Station Construction. (Rail Company only). This
includes expenditures for building stations.

7. Track Construction. (Rail Company only). This
includes expenditures for the construction of rail tracks.
The cost of diagonal tracks is a function of the hypotenuse
of the triangle formed by the rail segment. This relation-
ship is explained below:

Distance for Diagonal Rapid Rail Segments

Horizontal Distance Between Stations

1 2 3 4 5

1. 1.414 2.236 3.162 4.123 5.090
Vertical 2 2.236 2.828 3.606 4.472 5.385
distance 3 3.162 3.606 4.243 5.000 5.831
between 4 4.123 4.472 5.000 5.657 6.403
stations 5 5.099 5.385 5.831 6.403 7.071
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8. Land Purchase. (Rata Company only). This item in-
cludes expenditures for land pl.:chased from the governmental
or economic sectors or from the Outside System (i.e., the
computer).

Employment

As the Bus and Rail Companies hire employees'( -EM's) in
groups of 160 workers, it is in the companies' interest to
keep the total Combination of service level and route lengths
such that "Personnel Required" is-equal to or slightly below,
a multiple of 160. For example, if 328 personnel are re-
quired, three PM's would be requested and Paid for although
only slightly more than 2 PM's would be utilized. Personnel
requirements can'be.calculated using route -miles "and level
of service.

Rolling 'Stock

Units' Ownea is the, total number of equipment units mined
by the company; purchase or sales of equipment are shown here.

Units in'Use is equal to the units required up to a mai-
imum of Units Owned; Units in Use is the number of equipment
units which undergo depreciation.

Serviceable Units is Units Owned .times the. Average Value
Ratio/100.

One of the considerations enteringinlo the passenger
capacity of a route is the "effective".number of units/mile
operating on that route (employment and level of service are
the other considerations). Ea,lh mile of level one route has
a requirement of 40 equipment units for full capacity. The
total requirement for the system is summed under Units Re-
quired. The actual number of units used is the lesser of
Units in Use or Serviceable Units. For example, if the units
required is 400 and there are only 200 serviceable units,
then the passenger capacity is half of the desired capacity
of the system.

Passengers

The number under Total Passenger- includes transfers
from one route to another which is done at no cost.. There-
fore, they are not all full paying passengers on that route.
Passengers who transfer between modes pay costs for each-
mode. That is, a worker who drove to a bus station, took
a bus to a rail station, and took the rail to his place of
employment would pay an auto cost and separate fares to the
Bus and Rail Companies.
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In order to economically carry passengers, Bus and'Rail
routes -must take PlJis from where they liveAor from where they
can economically drive to where they work). Thus, it is im-
portant both that the routes have stops (or stations) in many
residential locations (and in higher residential density lo-
cations) and that the routes provide access to a number of
work locations. It would be very.uneconomiCal to 'have a
long winding 'route through loW density residences- terminating
near only one Or two employment locations. ,(Typical cast/mile
and break-even fares are noted in the Master Tables.) As
mentioned in the Players' Manual, 'the routes are directional
and are specified to carry workerS fromregidences. to their
employment location'; if a route-is .specified .,-4C--4D,
the route would not. carry,passengers fP4m C' to B. A. new
route C---)B would have to be specified..

Routes

This portion of the output -indicates,by.rOute where the
bus or tail Stops, hcqi many pasSengets got off WthatStOp,
how-many got on,, and hOW many passengers 'are riding-betWeen
stops. This informatiOn indicates,what,poktions of a route
are underutilized and which,are_:Ovetcrowded,.and,thUS-should
affect deciSions involving extending,-dele4ng,otupgrading
a particular route. The figure for TotaiPaSSengers7under
the transit summary is the sum of_allipassengers:tiding
the given route, not theit distribution-7; 1.6:, a route
(level 1) may have 9,000 total passengers; but Yet-be dis-
tributed-in such a:manner.that no segment of the route is
overcrowded. Data on which segments are overcrowded would

.come from the Routes output. If a route is- highly
crowded in one round, the computer will probably assign a
much lower ridership-the following round.

Additional:information for each Pl.on where they live,
wherelthey work, and mode, route and cost of transportation
is given in the Employment Detail.
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APPENDIX: SEQUENCE OF COWUTER PRINT-OUT

Sequence of Computer Print-Out

Although sections of the computer output can be dis-
tributed in any order and in any combination to players,
it is printed in a fixed order with which the director
should become familiar. The overall order of output is:

1. Migration
2. Water System
3. Employment
4. Commercial Allocation
5. Social Sect&
6. Economic Sector-
7. Social and Economic Summaries
8. Government Detail
9. Summary Statistics

10. Maps

Within each of these major output sections there are
several subsections. An additional section of print-out
results from the processing of decisions on a data base.
That print-out, called EDIT, has no fixed sequence within
it; the order of decision input is the order in which EDIT
processes and lists player and director decisions. The
EDIT print-out is separate fZom the print-outs listed
above. These print-outs reflect the simulated region's
status in response to the previous year's data base and
any changes made to it through EDIT.

Each subsection of output has its own title, but on
every subsection the heading for the data base and the round
number are printed. A list of the titles of print-out
sections in the order in which they are printed and a des-
cription of each are given below and are summarized on
the next page.

Print-Out Section Description

1. Migration

Environmental
Indexes

For each class which can live on
each residence parcel, this shows
the value of each component of
the environmental index based on
last round's pollution index, MS
use index and school use index
and this round's residence quality,
rent, tax rates, and welfare rates.
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4

Print-Out Section

Personal Indexes

Migration Detail

Migration
Statistics

Migration SumMary

2. Water System

Water User
Effluent Content

Dg.scription

For each class living on each
residence parcel, this shows the
value of each component of the
personal index based on last
round's time allocation, resi-
dential crowding, MS use index,
and coliform bacteria index.

For each residence parcel and for
each class which lived on the
parcel immediately before or
after the migration progrdm ran,
this shows the number of .P1's
in the class now residing on the
parcel and of those who moved,
why they moved and where they
came from and went to.

Number Of in-migrants, out
migrants, internal migrants, -

and natural population growth
by jurisdiction and class.

The number of Pl's who moved
between or within jurisdictions
by class, by jurisdiction and by
reason for moving.

For each economic activity and
municipal 'water system, the
volume of effluent dumped into
the surface water and the amount
of each pollutant in the effluent
after the effluent has received
any treatment.

River Quality During For each of the five stages in
Surface Water Process the surface water process and

for the surface water on each
parcel through which a river
flows, this shows the water
quality rating, the volume of
water, and the amount of each
pollutant present.
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Print-Out Section Description

Water User Costs and This shows for each economic
Consumption activity the amount of water

which it required, the amount
which it obtained from its nor-
mal source and the cost which it
paid to purchase water, to treat
its intake water, to recycle
water and to treat its effluent.

Coliform and
Pollution Index
Values

3. Employment

Employment Selection
Information for Low -
Income Class

Map showing, for each parcel con-
taining surface water, the coli-
form,count and the water quality
rating. The pollution indexes
for such parcels and for parcels
bordering parcels containing
surface water are also shown.

Tabular output showing the place
of residence of all P1's, their
employers, the number of Pl's
not employed and employed by
each employer, the salary of
each employer, the time units
consumed in transportation to
work, the cost of using an auto
to go to work, the costs using
a bus and/or rail to go to work,
and the route used to travel to
work whether by auto or public
transit.

Employment Selection Tabular output showing the place
Information for of residence of all P1's, their
Middle Income Class employers, the number of P1's

not employed and employed by
each employer, the salary of
each employer, the time units
consumed in transportation to
work, the cost of using an auto
to go to work, the costs using
a bus and/or rail to go to work,
and the routes used to travel to
work whether by, auto or public
transit.
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Print-Out Section Description

Employment Selection Tabular output showing the place
Information For High of residence of all P1's, their
Income Class employers, the number of P1's

not employed and employed by
each employer, the salary of
each employer, the time units
consumed in transportation to
work, the cost of using an auto
to go to work, the costs using
a bus and/or rail to go to work,
and the routes used to travel
to work whether by auto or public
transit.

Part-Time Work
Allocation For High
Income Class

Part-Time Work
Allocation for
Middle Income Class

Part-Time Work
Allocation for Low
Income Class

Employment Summary

4. Commercial Allocation

Personal Goods
Allocation Summary

Tabular list of residence loca-
tion of part-time workers, their
employers, the number of part-
time units spent working, and
the yearly salary rate.

Tabular list of residence loca-
tion of part-time workers, their
employers, the number of part-
time time units spent working
and the yearly salary rate.

Tabular list of residence loca-
tion of part-time workers, their
employers, the number of part-
time time units spent working
and the yearly salary rate.

Information by class and total
for the number of P1's employed
at their design level or at
lower levels, the number unem-
ployed, the total number of
P1's, the part-time units worked,
and the number of jobs full time
that were not filled by the lo-
cal labor force.

Tabular output showing the i-
dentification number assigned
to each PG establishment, its
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Print-Out Section Description

location, owner, level, ef-
fective capacity, actual
capacity used, price, and gross
sales. For each customer it
shows the store to which it is
assigned, the customer loca-
tion and type or class, the cus-
tomer's owner, the -consumption
units (including those for main-
tenance and recreation), trans-
portation costs (shadow costs
in the case of residences) the
purchase cost (total cost in
the case of residences), and
total .cost.

Personal ServiceS
Allocation Summary

Business Goods
Allocation Summary

Business Services
Allocation Summary

Terminal Allo-
cation.Summary

234

This is. identical in format to
the Personal Goods Allocation
Summary but gives details re-
garding personal services.

For businesses which require
business goods, the format is
theame as for personal goods.
In addition, there is a section
called Government Contracts
which ,shows, for each school
and MS department,' how many con-
sumptioa units it purchases from
each business goods establishment.

This is identical in format to
the Business Goods Allocation
Summary but gives details re-
garding business services._

Tabular list of the location,
business type (land use), and
terminal requirements of each
terminal user. Each terminal
is assigned an identification
number and its location, level,
and usage are noted.



Print-Out Section Description

Terminal Allocation Map showing the code number of
Map the terminal to which each ter-

minal uses in the local system
is assigned.

5. Social Sector*

Dollar ValUe of Time This table shows, by team and
by class, the dollar value of a
time unit spent in travel.

Social Decision-
Maker Output

Social Boycotts

6. Economic Sector**

Farm Output

By jurisdiction, by sccial de-
cision-maker, and.by class, a
table in which each social char-
acteristic is-a row and each res-
idence parcel is a oolumn. The
characteristics are descriptive
and financial.

Detail on who is boycotting, what
function they are boycotting,
and similar details about social
boycotts appear on this output.

Tabular list, one row per farm,
showing the farm code number,
farm type, number of parcels
comprising the farm, numt?er of
percents of parcels, comprising
the farm, the farm's fertilizer
level,, normal income, actual in-
come, land taxes, and total net
income.

*The dollar value of time prints a table for each j.ar-
isdiction, although at this time the value is set for a ':eam
and class without regard to jurisdiction. The rest of the
social detail prints in order of jurisdiction number, within
that in alphabetical order, and within that in order of class
(low first, high last). Output for any classes which a team
does not control in a jurisdiction is not printed. Likewise,
a class having no boycotts receives no boycott output.

**The economic output prints by team in alphabetical order.
All of a single team's output is printed before the next team's
output begins. A team for which a section of output is ir-
relevant does not receive that section of output. For example,
a team with no residences receives no residence output. Like-
wise, a team which has no loans outstanding as either a debtor
or a creditor does not receive a loan summary. All active
teams receive financial summaries.
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Print-Out Section

Residence Output

Business Output

Construction
Industry Output

Description

Tabular list of descriptive and
financial information about
each residence parcel which the
decision-maker controls.

Tabular list of descriptive and
financial information about each
business which the decision-
maker controls. All basic in-
dustries are grouped together
and precede the group of per-
sonal commercial and business
commercial.

Tabular list of descriptive and
financial information about each
construction industry which the
decision-maker controls.

Construction Description of all contracts
Industries' Contract made by construction industries
Table controlled by the decision-

maker.

Economic Boycott
Status

New Construction
Table

Land Summary

Detail on all boycotts in which
the decision-maker is either the
party boycotting or the party
being boycotted.

Detail on all construction contracts
in which the decision-maker is the
contractee.

mabular list of the location of
larcels owned by a team, their
assessed value, percent that is
undeveloped and private, the
taxes on undeveloped land, the
percent publicly developed and
undeveloped, the percent un-
developable because of topo-
graphical constraints, the utility
capacity availane and used.
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Print -Out Section

Loan Statement

Financial Summary

7. Social and Economic
Summaries

Number of Levels of
Economic Activity
Controlled by Teams

Employment Centers

Economic Control
Summary*

Description

Tabular list showing borrower,
lender, interest rate, years re-
maining on the loan, the original
principal, and the annual payment.

A cash flow statement showing ex-
penditures and income, a port-
folio of conservative and spec-
ulative stocks, a balance sheet
of assets and liabilities, and
the amount which the decision-
maker can borrow.

A table listing the number of
levels of each economic activity
controlled by each team.

Table showing the locations,
number of job openings, number
of P1's hired, and salaries of-
fered by Federal-t3tate Em-
ployers; table showing, for
each local government employer,
the location of its employment
center.

For each non-farm economi.: ac-
tivity, this table shows its
location, type and operating
level of activity, production
index (0-100) or occupancy
rate (0-120), net income, and
rate of return.

*This table prints for ea:lh economic team in

alphabetical order.



PrintOut Section

Social Control
Summary*

Social Control
Summary

Economic Control
Summary

Social Control
Summary

Description

For each class living on each
parcel controlled by a single
two-letter social decision-
maker, this table shows the res-
idence location, class, gross
income per worker, family
savings and total dissatisfaction
(quality of life index).

By jurisdiction and by class,
the number of P1's controlled
by each social decision-maker.

This prints two graphs for each
economic decision-maker, in al-
phabetical order. The first is,
for up to ten rounds, the aver-
age net income from the team's
,economic activities each round,
expressed as a ratio of the
first round's net income. Tne
second is a ten-round history
of the average rate-of-return
of the team's economic activities,
expressed as a percent.

This prints two graphs for each
social decision-maker, in al-
phabetical order. The first is
a ten-round history of the average
net income earned by each class
which the team has controlled.
The second is a tenr -round hjs-
tory of the average quality-of-
life index of each class which
the team has controlled.

*This table prints for each social decision-maker
in alphabetical order.



Print-Out Section

8. Government Detail*

Assessment Report

Water Department
Reports

Sampling Station
Report: Point
Source Quality

Description

List of assessment ratios,
special assessments and other
policies set by the .Assessor.

List of intake and outflow treat-
ment plant locations, levels,
types, capacities, operating
costs, volume treated,. income,
intake and outflow point lo-
cations, prices charged to
municipal water users, pollu-
tant concentration in municipal
effluent (for those districts
which are sampled).

For those economic activities
whose effluent is sampled by
the local government, this
shows the volume of effluent and
the concentration of each pol-
lutant after any treatment.

Sampling Station For any parcel on which the
Report: Ambient jurisdiction measures the quality
Quality of the surface water leavini;

the parcel-, this output shows
the concentration of each
pollutant.

Utility Department
Report

Tabular list of utility plants,
their location, level, units in-
stalled from each plant, units
served, total operating' costs
r,er unit, and income derived
from charges. ;aso listed is
the charge per utility unit to
customers, undeveloped land
and outstanding bonds.

*A department's output is printed for all jurisdictions
before the next, department's output is printed.
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Print-Out Section

Utility Department
Finances

Municipal Services
Department Report

Municipal Services
Department Finances

Municipal Services
Department Con-
struction Table

Planning and Zoning
Department: Repor,

School Department
Report

School Department
Finances

Description.

Summary of all current and
capital revenues, expenditures,
and new balances.

Tabular list of MS locations,
maintenance levels, value ratios,
effective capacities, loading
(units of capacity used), num-
ber PL and PM's working, and the
MS use indexes. Also shown are
the salary levels, contracts to
purchase BG and BS, the locations-
of undeveloped land, and out-
standing bonds.

Summary of all current and capital
revenues, expenditures, and new
balances..

For each MS construction or
demolition, this shows the lo-
cation of the construction firm,
the MS location, the status of
construction, the old and new
level of the 44S, the contracted
price, the maintenance level, and
the number of PL's and PM's
assigned to work at the MS. .

Total jurisdiction population,
total amount of parkland, out-
standing,bonds, and capital
revenues, expenditft.es, and
new balance.

Tabular data on school unit lo-
cations, levels, maintenance
levels, value ratios, students
attending, teachers, student-
teacher ratios, and use indexes..
Also data on undeveloped land,
BG and BS contracts and cost of
purchases, adult educationsum-
mary, and several summary
school statistics.

Summary of all current and
capital revenues, expenditures,
and new balances.
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Print-Out Section

School Department
Construction Table

Highway Department
Report.

Highway Department
Construction Table

Rail Company
Report

Description

For each school construction or
demolition, this shows the lo-
cation of the construction firm,
the school building location,
the status of construction,, the
old and new level of the school,
the contracted price, the
amount of federal-state aid used',
the maintenance level for the
school, and the number of PM's
and PH's assigned to work at
the School.

A financial report showing
capital and current expenditures
and revenueS, outstanding bonds,
a summary of maintenance levels
and expenditures by road type,
a summary of road conditions,
a terminal status report, a
list of undeveloped land, and a
status report on available fed-
eral-state aid.

For each road or terminal con-
struction or demolitzczn, this
shows the construction firm,
the location of the road or er-
minal, the status, the old and
new level, the contracted price,
and the dollar amount of fed-
eral-state aid used.

A financial report showing
capital and current revenues and
expenditures, outstanding bonds,
employment costs, the amcqnt
and condition of rolling stock,
the fare structure, passengers
and total fares by route, and
the number of passengers using
each segment of each route.
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Print-Out Section

Bus Company
Report

Chairman Department
Finances

Tax Summary

Financial Summary

9. Summary Statistics

Demographic and
Economic Statistics

Description

A financial report showing
capital and current revenues and
expenditures, outstanding bonds,
employment costs, the amount
and condition of rolling stock,
the fare structure, passengers
and total fares by route, and
the number of passengers using
each segment of each route.

This shows the 1 lfare
per unemployed worker and the
financial summaries for munici-
pal services, schools, highways,
planning and zoning, utilities,
and the chairman's account.
Also included are the Chairman's
outstanding bonds.

Tabular list showing by the eight
types of local tax bases, the
dollar amount of the tax base,
the tax rate, and the revenue
generated.

Tabular list, for each depart-
ment, of current and capital
appropriations, federal-state
aid, total revenue, total ex-
penditures and final surplus or
deficit.

Tabular list by jurisdiction of
population and its character-
istics, land usage, housing,
employment, earnings, income
from the national economy, out-
flows to the national system,
and national business cycle
effects.

242



Print-Out Section

10. Maps

Personal Goods
Allocation Map.

Personal Services
Allocation Map

Business Commercial
Allocation Map

Municipal Service
Map

School Map

Utility Map

Description

Map showing the locations and
code numbers of all personal
goods establishments,locations
of all PG users, and the code
numberof the PG to which each
PG user is assigned.

Map showing the locations and
code numbers of all personal
services establishments, lo-
cations of all PS Users, and
the code number of the PS to
which each PS user is assigned.

Map showing the locations and
code numbers of all business
goods and business services
establishments; locations of
all BG and BS users, and the
code numbers of the BG and BS
to which each BG and BS user
is assigned..

Map showing the locations of
MS's and their districts, the
locations of economic activities,
the numbe.: of MS units drained
by each economic activity and
MS use indexes.

Map showing the locations of
. schools and their districts,

school use indexes, and the
riumber of children on each
residence parcel attending
public and private schools.

Map showing the locations of
utility plants and their dis-
tricts, the number of utility
units installed on each parcel,
and the number of utility units
drained on each parcel.
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Print-Out Section Description

Water Usage Map Map showing the locations of
economic activities, the per-
cent recycling at basic in-
dustries, and the type and
level of basic industries'
effluent treatment plants.

Water Quality Map Map showing the locations of
economic activities, the surface
water quality on those parcels
having surface water, and the
pollutant which caused the
water quality rating.

Municipal Treatment Map showing locations, types
Plant Map and levels of municipal intake

and outflow treatment plants.

Municipal Intake Map showing locations of munici-
and Outflow Point . pal intake and outflow points
Map and the utility districts which

they serve.

Surface Water Map

Farm Funoff Map

River Basin Flood
Plain Map

Farm Map

Map showing, for each parcel
having surface water, the volume
of water on the parcel, its rate
of flow, and the percent of the
surface area of the parcel
consumed by water.

Map showing for each farm its
type and where its runoff flows
into the surface water.

Map showing the locations of
river basins, the dam priority
of each river basin, and the
flood susceptibility of each
parcel in the river basin.

Map showing the location of each
farm, its owner, its code num-
ber, the percent of each farm
parcel which is ,in farm use,
the type of farm, and its
fertilizer level.
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Print-Out Section Description

Farm Assessed and
Market Value Map

Map showing, for each farm par-
cel, its assessed and market
value and the percent of the
parcel which is in farmland.

Market Value Map Map showing, for each privately-
owned non-farm parcel, the mar-
ket value of 100% of the land,
the market value of the pri-
vately-owned buildings, and the
total market value of the pri-
vately-owned land and buildings.

Assessed Value Map Map showing, for each privately-
owned non-farm pakcel, the as-
sessed value of the privately-
owned land, the assessed value
of the privately-owned buildings,
and the total assessed value of
the privately-owned land and
buildings.

Economic Status Map Map showing the economic sector
owner of each privately-owned
non-farm parcel, its zoning,
the type and level of economic
activity, the level of utilities
installed, and, for every par-
cel, the percent-of the parcel
which is privately-owned and
undeveloped.'.

Highway Map

Planning and Zoning
Map

Map showing the locations and
types of roadsand terminals
and the locations, types, and
levels of non-farm economic
activities.

Map showing the zoning classifi-
cation of those parcels which
are zoned, the percent of each
parcel which is parkland, and
the percent of each parcel
which is public, institutional
land.
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Print-Out Section

Parkland Usage Map

Description

Map showing the percent of each
parcel which is in parkland or
public institutional use, the
population served by the park,
and the park's use index.

Socio-Economic Map showing, for each residen-
Distribution Map -tial parcel, the type and level

of housing and the number of
P1's in each class living there.

Demographic Map Map showing the population (in
100's)-, percent occupancy, and
quality index (QI) for all resi-
dential parcels, and the value
ratio (VR) for all private non-
residential developments.

Social Decision-
Maker Map

Topographical
Restriction Map

Government Status
Map

Map showing, for each class living
on a residential parcel, the
social decision-maker which
controls the class on that
parcel.

Map showing the percent of each
parcel which is undevelopable
due to topographical or other
restrictions (e.g., mountains
or military bases).

Map showing the locations and
levels of schools, municipal
services, utility plants,
roads, and terminals.
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